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(54) Method for controlling an internal combustion engine 



(57) Method for controlfing an internal combustion 
engine, comprising the st^s of: obtaining a combustion 
state in which a specific engine condition [s chained or 
obtainable, respectively, storing a coi^le of combustion 
rate values and a crank angle in that combustion state 
as a map data of a target combustion rale at said spe- 
cific crank angle or a map date of a target aank angle at 
said. specific combustion rate, amd at that time or after 
detecting the actual combustion ratio at said specific 
crank angle and/or the actual crank angle at said spe- 
cific combustion ratio, and comparing said detected 
combustion rate with said target combustion ratio and/or 



said detected crank angle with said target crank angle 
to control an ignition timing in ignited engines or a 
starter timing of fuel ignition in diesel engines and/or 
fuel supply amount which is advanced or increased 
when the detected comtKJStion rate value is smaifer 
than the target value and/or detected crank angle is 
behind the target crank angle and is delayed or 
decreased when the detected combustion rate value is 
greater than the target combustion rate value and/or the 
detected crank angle is in advance of the target crank 
angle. 
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sensors, for example, are disposed in the exhaust pipe lines. A/F values are calculated from exhaust gas concentra- 
tions, and fuel supply or air flow rate is controlled so thai the calculated values are kept close to the target values, 
thereby reducing NO^ emissions. 

There have been other engines in which pressures in combustion chambers are detected, mean effective pres- 
5 sures of the engines are calculated, and a feedback control is performed based on these calculated data. 

In order to achieve stability In lean burning or combustion and low fuel consumption even in the low and middle 
engine load areas, this feedback control according to the conventional art can be considered. 

However, if only the A/C value le kept close to the target, burning conditions will change according to ignition timing, 
and engine output might be .reduced with unstable engine speed, or NOx emissions will be Increased with increasing 
10 engine output. 

Further, even if engine mean effective pressure Is calculated and ignition timing is fed back according to the calcu- 
lated data, thereby increasing engine output, tiie NOx emissions might be increased when abrupt burning happens. 

In view of the foregoing, the inventor has found that the burning rate up to a given crank angle has a close correla- 
tion to the engine output as well as the exhaust emissions, and the object of this invention is to provide an engine control 
IS method capable of reducing exhaust emis^ons while lean burring can be effected and improved fuel consumption can 
be achiev^. 

Therefore, it ts advantageous when initial values of fuel supply at least corresponding to engine load are set as data 
so that lean mixture is formed in a combustion chamber and fuel is supplied. 

According to the invention, a fuel supply control Is performed wherein an actual burning rate up to a predetermined 

20 crank angle is detected, and according to the comparison of values of the detected burning rate and the target burning 
rate, fuel supply is increased when the detected burning rate is smaller than the target burning rate or fuel supply is 
decreased when the detected burning rate is larger than the target burning rate; or alternatively an actual crank angle 
reaching a predetermined burning rate is detected, and according to the conrparison of values of the detected crank 
angle and the target crank angle, fuel supply is increased when the target crank angle is In an advanced position or fuel 

25 supply is decreased when the detected crank angle is in an advanc«i position, whereby exhaust emissions are reduced 
while lean l>urning is effected with improved fuel consumption. 

This method may be further characterized by performing a fuel supply control wherein with target burning rates 
each provided with a tolerance, first target burning rates larger tiian the target bunrung rates in tiie map data and second 
target burning rates smaller than the target t>urning rates in the map data are set. and fuel supply is increased when 

30 saki detected burning rate is smaller than the second target burning rate or fuel supply is decreased when said detected 
Ixjrning rate is larger than the first target burning rate orfuel supply Is not be cfhanged when said detected Ixirning rate 
falls between the first and second target burning rales; or alternatively with target crank angles each provided with a 
tolerance, first target crank angles In advanced positions ahead of the target crank angles In the map data and second 
target crank angles in delayed positions l>ehind the target crank angles of the map data are set. and fuel supply is 

35 decreased wh en saki detected aank angle is in an advanced position ahead of the first target crar^ angle or fuel supply 
is increased when said detected crank angle is In a delayed position behind the second target crank angle or fuel supply 
is not changed wh«i said detected crank angle falls between the first and second target crank angles. 

According to the invention, a fuel supply control is performed based on tiie target burping rates with tolerances In 
the map data or the target crank angles with tolerances in the map data, thereby effecting an easy and accurate fuel 

40 supply contiol based on the burning rate up to a given crank angle or the crank angle reaching a given burning rate, 
whereby exhaust emissions are reduced while lean burning is effected with improved fuel consumption. 

Another method for controlling an engine may be characterized in that, at least either wtien engine load is smaller 
than a predetermined value or when engine speed is lower than a predetermined value, either of the fuel supply con- 
trols Is performed. 

46 According to the invention, a fuel supply control is performed according to engine Ic^d or engine speed, whereby 
the engine output is stat>ilized. 

A further metfnod for controlling an engine is characterized in that perfonning an ignition timing control wherein inl- 
. tial values corresponding to at least either of engine load and engine speed are set as data; wherein burning rates at a 
predetermined aank angle are stored In a memory as map data of target buming rates corresponding to at least either 
$0 of engine load and engine speed, or alterriatively crank angles reaching a predetermined burnlrtg rate are stored in a 
. memory as map data of target crank angles con-espondlng to at least eltiier of engine load and engine speed; and 
wherein an actual buming rate up to the predetermined crank angle is detected, and according to the comparison of 
values of tt^e detected buming rate and the target burning rate, ignition timing is advanced when the detected buming 
rate is smaller than the target burning rate or ignition timing is delayed when the detected burning rate is larger than the 
55 target buming rate; or alternatively an actual crank angle reacting the predetermined burning rate is detected, and 
according to tine comparison of values of the detected crank angle ard tiie target crank angle, ignition timing is 
advance when the target crank angle Is in an advanced position or ignition timing is delayed when the detected crank 
angle is in an advanced position. 

According to the inventton, an ignition timing control is performed wherein an actual buming rate up to a given crank 
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an engine from stalling in rapid deceleration. 

Although the technologies IncreaeeAJecrease a given amount of fuel for a given time and advance/delay a given 
amount of Ignition timing for a given time, because the given amounts are the predetermined values, which cannot ade- 
quately make correspondence with the variation of production, aging, and operation conditions, an overshoot or under- 
5 shoot of A/F occurs to exacert^te the acceleration characteristic to lead to the engine stall in rapid deceleration. 

ConsWering these problems, the Inventors found that the combustion rate to a given crank angle and the crank 
angle reaching a given combustion rate highly correlate to engine output or exhaust emission, so that the present inven- 
tion is directed to provide to keep greater engine output, to Improve the acceleration characteristic or the performance 
of engine stall prevention In decderation as well as the exhaust performance In a transient response. 
w In that case, it is advantageous when said method is characterized by detecting a transient condition and obtaining 
the combustion state at which NOx emission is reduced while a high torque is obtainable corresponding to at least one 
of engine load or engine speed, whereby based on the comparison of the detected and actual values a conpensatlon 
value of fuel supply amount Is added. . - 

Thus, In detection of a transient condition, while ignilfon timing is conrected and advanced, as the best torque la 
75 obtained, a combustion condition which NO^ reduces is obtained; In this conrtbustlon condition, the actual combustion 
rate to a given crank angle is detected, based on the detected value of this combustion rate to the goal value of the com- 
bustion rate, to add to the compensation value in ignition timing; and ignition timing is controlled. If the detected value 
is less, ignition timing is advanced, and if the detected value is greater, ignition timing is delayed. 

A further method for controlling an engine is characterized in that in the detection of a transient condition, increas- 
20 ing and correcting the amount of fuel supply more than tiie amount according to tiie throttle opening and/or the number 
of engine rotation, obtaining the conrtbustion condition, which NC^ reduces, while the best torque le obtained corre- 
sponding to at least one of the load or the number of engine rotation: in this combustion condition, sforagtng the com- 
bustion rate at a given crank angle into a memory as a map data of tfie goal value of combustion rate corresponding to 
at least one of the load or the number of engine rotation, detecting the actual combustion rate to the given crank angle; 
25 based on the comparison between tiie detected value and the goal value of this combustion rate, adding to the com- 
pensation value of tiie amount of fuel supply, and controlling tine amount of fuel so tfnal the amount of fuel supply la 
increased if the detected value is less, and tiiat tiie amount of fuel supply decreased if the detected value Is greater. 

Thus, in detection of a transient condition, while tiie amount of fuel supply is corrected and increased, as the best 
toTCjue is ctotained. a conibustion condition which NO^ reduces is obtrfned; in tills combustion condition, tfi© actual com- 
30 bustion rate to a given crank angle Is detected, based on tiie detected value of this contbustlon rate to the goal value of 
the cornbustion rate, to add to tiie conrpensation value of the amount of fuel supply; and the anrount of fuel supply is 
controlled. If the detected value Is less, the amount of fuel supply is increased, and If tiie detected value is greater, ttie 
amount of fuel supply Is decreased. 

It is further possible tiiat in tfie detection of a transient condition, advancing and coaecting ignition timing more than 
35 tinting based on the throttie opening and/or the number of engine rotation, obtaining the conribustion condition, which 
NOx reduces, while the best torque Is obtained corresponding to at least one of Urte load or the number of engine rota- 
tion; In this comkxjstion condition, storaging ttie combustion rate at a given crank angle into a memory as a map data of 
the goal value of corrtoustion rate corresponding to at least one of the load or the number of engine rotation, detecting 
tiie actual combustion rate to the given crank angle; based on the comparison between the detected value and tiie goal 
40 value of tWs coninjstion rate, cidding to the compensation value of ignition tinning, and cntrolling the amount of fuel so 
that the amount of fuel supply is increased if tiie detected value is less, and that tiie amourit of fuel supply is decreased 
if the detected value is greater. 

Thus, In detection of a transient condition, while Ignition tinning is advanced and inaeased, and while the amount . 
of fuel supply is corrected and inaeased, as tiie best torque is obtained, a combustion condition which NOx reduces is 
4S obtained; in tWs combustion condition, the actual combustion rate to a given crank angle is detected, based on the 
detected value of tiiis combustion rate to the goal value of the combustion rate, to add to the condensation value in igni- 
tion timing; after ignition timing is controlled so that, if the detected value is less, ignition timing is advanced, and if tiie 
detected value Is greater, ignition timing is delayed, to add to the compensation value of the amount of fuel supply, and 
the amount of fUel supply is controlled so that, if tiie detected value is less; tine amount of fuel supply is increased , and 
60 if the detected value is greiater, the amount of fuel supply is decr^sed. 

Another method for controlling an engine is characterized in that in tiie detection of a transient condition, advancing 
and correcting ignition tinting more than timing based on the tiirottie opening and/or tiie number of engine rotation, 
obtaining the combustion condition, which NOx reduces, while tiie best torque is obtained corresponding to at I east one 
of tiie load or tiie number C7f engine rotation; In this cortfoustion condition, storaging tiie value of crank angle to be a 
65 given combustion rate Into a memory as a map data of tiie goal crank angle corresponding to at least one of the load 
or the number of engine rotation, detecting tfie actual crank angle to tiie ^ven combustion rate: based on the conpar- 
ison l>etween tfie detected value and tiie goal value of this crank angle, adding to tiie compensation value of ignition 
timing, and controlling the ignition timing so tiiat ignition timing is advanced if the detected value is less, and that ignition 
timing is delayed if the detected value is greater. 
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An aspect of this invention has been made In view of such problems to provide an engine control method capable 
of stabilizing the combustion In cold state engine starting, rapidly raising the exhaust gas temperature after engine start- 
ing, rapidly activating the catalyzer and reducing HC and black smoke In the exhaust gas. 

To solve the above problem and accomplish the object, the method for controlfing an engine having a catalyzer is 
5 characterized by taking, as a target value, a combustion rate at at least one crank angle between the latter period of 
combustion and the tern^nation of combustion In a con^stion state capable of elevating the exhaust temperature in 
cold starting while restraining the increase of HC and the fluctuation of engine output, the combustion rate in the actual 
combustion at eaid target crank angle is detected, and the Ignition timing is advanced when the detected combustion 
- . . rate. is smaller than ^etargiErt value while the ignition timing 1$ retarded . 

70 the target value so that the detected combustion rate may reach said target value. . 

In cold starting, by advancing or retarding the ignition timing while restraining HC increase and output fluctuation . 
^ .so that the target combustion rate may be obtained at the predetermined crank angle between the combustion latter 
period and its termination highly related with the combustion state capable of raising tiie exhaust temperature, combus- • 
tion In cold starting atabilized and the catalyzer is rapidly activated. 
75 Another method Ibr controlling an engine Is characterized in that having an exhaust gas cleaning catalyzer dis- 
posed in the exhaust passage thereof, characterized in that a combustion state is obtained in wl^ch a stable conibustion 
corresponding to at least one of the engine load and the engine speed is obtained, the combustion rate value at a pre- 
determined aank angle in the combustion state above Is held in the memory as the map data of the second target com- 
bustion rate value which conresponds to at least one of the engine load and the engine speed and Is smaller than the 
20 first target combustioi rate value, while the ignition timing is controlled on the basis of the comparieon of the detected 
value of the actual combustion rate until eaid predetermined crank angle with tiie second target combustion rate in case 
of cold starting and witii tiie first target conibustlon rate in other cases so that it is advanced when said detected value 
is smaller whSe it is retarded when tiie detected value is larger. 

As described above, the exhaust gas is cleaned by the catalyzer^ the actual combustion rate until the predeter- 
25 mined crank angle is detected and this detected value Is connpared witii the second target conrtt)ustion rate in cold start- 
ing and witii the first target combustion rate In other cases; by conti-olllng the ignition timing so that the ignition tinrdng Is 
advanced when the detected value is smaller and so that the ignition timing is retarded when tiie detected value ie 
larger, the combustion in cold startirig Is ^abiiized while the exhaust temperature is rapidly raised after engine starting, 
the catalyzer is rapidly activated, and HC and black smoka in exhaust gas are reduced. 
30 Further, a method fbr controlling an engine Is characterized in that having an exhaust gas cleaning catalyzer dis- 
posed in the exhaust passage thereof, characterized in that In the ignition timing control with which a combustion state 
is obtained in which a stable combustion corresponding to at least one of the engine load and the engine speed is 
obtained, the cmibustion rate value at a predetermined crank angle in the combustion state above is heU In tiie mem- 
ory as the map data of the target combustion rate value which corresponds to at least one of the engine load and the 
35 engine speed, the actual combustion rate until said predeterrrnned crank angle Is detected, and. on the basis of the 
comparison of this combustion rate with the target combustion rate, the ignition timing is ad^^ced when said detected 
value Is smaller while the ignition timing is retarded when the detected value is larger; in case of cold starting which Is 
the starting state while the engine temperature is low, a value obtained by subtracting a predetermined value from tar- 
get combustiCMi rate value based on the map data Is used as the target combustion rate value for comparison with said 
40 detected combustion rate. 

As described above, the exhaust gas is deemed by the catalyzer, the actual comtxistion rate until the predeter- 
mined crank angle is detected and this detected value is compared witii the target combustion rate, and the ignition tim- 
ing is advanced when the detected value is smaller while the ignition tinting is retarded when the detected value Is 
larger. However, in cold starting wherein tiie engine temperature is low, a value obtained by st^tracting a predeter- 
46 mined value from the target combustion rate value based on the map data is corhpared as the target combustion rate 
for comparison wrtii tiie detected combustion rate. thus, combustion in oold starting is stabilized while the exhaust tem- 
perature is rapidly rdsed, tiie catalyzer is rapkily activated after engine starting, and HC and black smoke in the exhaust 
gas are reduced, 

StUI further, a method for controlling an engine is characterized in that the actual combustion rate until said prede- 
50 termined crank angle Is calculated on the basis of combustion pressure data detected at at least four crank angles 
including tiie crank angle between tiie exhaust stroke termination arKi the conr^ression stroke starting, the crank angle 
between tiie compression stroke starting and ignition, and two crank angles in tiie period firom ignition startbig and 
' exhaust stroke. 

; As described above, the actual combustion rate until the predetermined crank angle is calculated oh the basis of 
55 four oomtiustion pressure data deteaed at at least four crank angles, and tiie Igniti 

Moreover, a nrtethod for controlling an engine is cfiaracterlzed In that having an exhaust gas cleaning catalyzer dis- 
posed in the exhaust passage thereof, characterized In tiiat, taki ng, as a target value, a prank angle at at least one com- 
bustion rate between tiie latt^ period of combustion and the termination of combustion in a combustion state capable 
■ of elevating the exhaust temperature in cold starting while restraining the increase of HC and tiie fluctuation of engine 
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combustion rate value, while the fuel injection timing is controKed on the basis of the comparison of the detected value 
of the actual combustion rate until said predetermined crank angle v/ith the second target combustion rate in case of 
cold starting and with the first target combustion rate in other cases so that it is advanced when said detected value is 
smaller while it is retarded when the detected value Is larger. 

5 As described above, when controlling a diesel engine, the exhaust gas is cleaned by a catalyzer, the actual com- 
bustion rate until the predetermined crank angle is detected and this detected value Is compared with the second target 
combustion rate in cold starting and with the first target combustion rate in other cases, and, by controlling the fuel Ir^ec- 
tion starting timing so that it Is advanced when the detected value is smaller and ia retarded when the detected value is 
larger, the combustion in.coid starting is etabllized while the exhaust ^as tetmperatgre is r^sed oarlfer after engine sjart- . 

10 Ing. the catai/zer is activated earlier, and HG and black smoke in the exhaust gas are reduced. 

Still another method for controlling an engine is characterized In that method for controlling a diesel engine having 
an exhaust gas cleaning catalyzer disposed In the exhaust passage thereof and the fuel for which Is injected directly 
Into its combustion charrtoer and naturally ignited by temperature rise in its compression stroke, characterized In that a 
combustion state is obtained in which a stable combustion corresponding to at least one of the engine load and the 

1$ engine speed, the crank angle value at which the predetermined combustion rate In the pombustion state above ie 
reached is held in the memory as the map data of the first target crank angle which corresponds to at least one of the 
engine load and the engine speed, the crank angle value at which the predetermined combustion rate in cold starting 
whic^ is the starting state while the engine temperature is low is reached is held In the memory as the map data of the 
second crank angle value which corresponds to at least one of the engine load and engine speed and is retarded from 

20 the first target crank angle value, while the actual crank angle until said predetermined combustion rate is reached is 
detected and. on the basis of the comparison of this crank angle detected value with the second target crank angle in 
cold starting, or with the first target crank angle in other cases, and the fuel injection timing is controlled so as to be 
. retarded when said detected value is advanced or so as to be advanced when said detected value is retarded. 

Further, in a two-cycle spark ignition engine or a four-cycle spark Ignition engine. Xhere is quite a p>osstoilrty. for 

25 example^ of causing an abnornnal coo^stion by the cylinder temperature rising due to the increase in heat load accom- 
panying improvements for high rotations and high outputs: When this abrx>rmal conrUxistion continues, there Is a danger 
of the cylinder temperature rising v\/ith acceleration to cause engine breakdown. 

To cope with this, for example, there is a device for preventing abnornnat combustions under high load conditions 
by enridiing A/F and cooling the cylinder with fuel. 

30 However, since control Is performed without knowing the conditions of combustion, it is necessary to provide a con- 
siderably targe surplus In the range of fuel cooling. Accordingly, fuel consumption is degraded by performing fuel cool- 
ing more than necessary 

In addition, since there Is a possibility of abnormal combustEor^ occuning et/en by fuel cooling, problems such that 
this possibility is not fully met still e»st. 

35 Therefore, meats for learning combustbn conditions and detecting the sign of an abnormal combustion, and 
means for avoiding danger in the case of an alxiormal combustion are required. 

The present inverrtion is made in cpnsideratton of points mentioned above, by which prelgnitlon, inflammation 
before ignition due to the rise in cylinder temperature, can be prevented, and, even when inflammation occurs prior to 
ignition, it can be treated suitably and engine damage can be avoided. 

40 To sohfe the above proWem and accomplish the object, the method for controlling an engine of daim 1 is charac- 
terized in that responsive to engine load more fuel per combustion cycle is supplied to the engine as engine load 
increases, and combustion ratio values at prescribed crank angles at whldi the normal combustion \s attained are 
retained in a mennory as a map data of reference comfcxjstion ratio values corresponding to load or engine revofutton, 
or at least conresponding to load; on the other hand, the actual combustion ratio up to said presaibed crank angle Is 

46 detected, and, when this combustion ratio is larger than the reference combustion ratio based on the comparison 
between the detected value of this combustion ratio and the reference combustion ratio value, the fuel supplied to the 
engine per combustion cycle is increased exceeding the amoung of fuel supply correspondirtti to engine load. 

Thus, the actual, combustiori ratio up to the prescrft^ed crank angle is detected and. when this combustion ratio is 
larger than .the reference combustion ratio based on the comparison between the detected value of this comtxjstlon 

60 ratio and the reference comtxjstion ratio value, ttie fuel supplied to the engine per combustton cycle is increased 
exceeding the amount of fuel supply con-esponcfing to engine load, and fuel cooling is performed only when the sign of 
preignrtion is detected; therefore, there Is no waste of fuel, fuel consumption is good, and the emission of exhaust gas 
is smaD. Also, since the sign of prelgnition can be detected, it is possible to minimize engine damage and prevent 
preignitions, namely, inflammation before Ignitipn duGf to the rise in cylinder tennperature. Further,. knocking can be con- 

66 trolled by performing fuel cooling In anticipation of \Jtie rise In cylinder tmperatura 

Anotii^ method for controlling an engine is characterized in that responsive to engine load more fuel per combus- 
tion cyde is supplied to tiie engine as engine load Increases, and con^stion ratio values at prescribed crank angles 
at which the nonmal combustion is attained are retained in a memory as a map data of reference combustion ratio val- 
ues corresponding to load or engine revolution, or at least corresponding to load; on the other hand, the actual combus- 
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A further method for controlling an engine is characterized in that more fuel per combustion cycle is supplied to the 
engine as said preceding angle 1^ larger. 

Thus, more fuel per combustion cycle is supplied to the engine as said preceding angle Is larger, fuel cooling Is per- 
formed effectively only when the sign of preignition is detected, there is no waste of fuel, fuel consumption is good, and 
5 the emission of exhaust gas is small . 

A still further method for controlling an engine Is characterized In thai eHher the stopping of combustion or the stop- 
ping of fuel supply is executed vrtien the amount of preceding angle does not decrease or the amount of preceding 
angle does not decrease below the prescribed amount even by executing the Increase in said amount of fuel supply. 
~ Thus, detecting the sign of preignition. fuel cooling is performed by increasing the amount of fuel supply, but when . .. 
TO fuel cooling is not effective, the stopping of combustion or the stopHDing of fuel supply is executed so as to stop the 
engine and prevent engine damage, and preignition if. occurred is recognized in operation; therefore, the engine's reli- 
ability is increased. 

Another method for controlling an engine is characterized In that the actual combustion ratio up to said prescribed 
crank angle is determined by detecting at least four crank angles, including a crank angle between the end of exhaust 
15 process and the Initial stage of compression process, a crank angle between the start of compression process and the 
start of ignition, and two crank angles between the start of ignition and the start of exhaust process, and based on these 
combustion pressure data. 

Thus, it is possible to properly calculate the actual combustion ratio up to the prescribed crank angle based on com- 
bustion pressure data. 

20 An engine control device may comprise: operating state detecting means Including engine speed detecting means, 
crank angle detecting means, and combustion pressure detecting means, a data storing device for storing a target slate 
value, a state value calculating program for calculating an actual state value using the information from the respective 
detecting means, a program storing device for storing a control value caldilating program for calculating an ignition tim- 
ing control value according to comparison of the calculated state value with a target state value stored in the data stor- 
es Ing device, and an igniting device for igniting according to the ignition timing control value. The engine control device Is 
characterized by can'ylng out the control A or B described below. 

A: Combustion pressures are detected at least four crank angles; a aank angle between ihe end of ain exhaust 
stroke to an early stage of a compression stroke, a crank angle between a compression stroke start and an ignition 
start, and two crank angles within the period from the ignition start to the exhaust stroke start, and the actual combus- 
30 tion ratio up to the specified crank angle Is calculated from tiie detects! combustion pressure data, and the detected 
combustiOT ratio Is compared with the target corrdxjstion ratio to control the ignition timing of tiie engine so that the igni- 
tion timing is advanced when the detected value is smaller tiian the target value and the ignition timing is delayed when 
the detected value is greater tiian the target valua 

B: Combustion pressures are detected at least four crank angles; a crank angle between tiie end of an exhaust 
35 stroke to an early stage of a compression stroke, a crank angle between a compression stroke start and an ignition 
start, and two crank angles within the period from the ignition start to the exhaust stroke start and the actual crank 
angle at which the specified combustion ratio is reached is calculated from the detected combustion pressure data, and 
the detected crank angle Is compared with a target crank angle to control the i gnition timing so that the ignition timing 
is advanced when the detected crank angle is behind the target crank arigle and the ignition timing is delayed when the 
40 detected value is in advance of the target crank angle. 

In this way. the actual combustion ratio up to the specified crank angle is suitably calculated aiccording to the com- 
bustion pressure data, the detected combustion ratio is compared with \he target combustion ratio, and the ignition tim- 
ing is controlled, with the result of the comparison, to be advanced when the detected value is smaner, or to be delayed 
when the detected value is grejater than the target value. Furthermore, the actual crank angle at wliich the specified 
45 contoustion ratio is reached is suitably calculated from tiie combustion pressure data, the detected crank angle Is com- 
pared with the target crank angle, and the ignition timing is controlled, with tiie result of the comparison, to be advanced 
when the detected crank angle value is behind the target value, or delayed when the delected crank angle value is in 
advance of the target value. 

A method for controlfing a Diesel engine may be provided in that a combustion state is obtained m whidi a high 
so toique Is (Stained corresponding to at least one of load and engine speed, a combustion ratio value at a specified crank 
angle In that combustion state Is stored as a map data of a target combustion ratio In a memory, at ti^e same time, actual 
conibustion ratio lip to that crank anglers detected, the detected combustion ratio is <X)mpared witii tiie target combus- 
tion ratio to control tiie fuel injection timing of the engine so that the fuel injection timing is advanced when the detected 
valua is smaller ttian the target value and the fuel InjecUon timing is delayed when tiie detected value Is greater than the 
65 target value. 

In this way, the feedback control of the Diesel engine is carried out such that the actual combustion ratio is detected 
up to the specified crank angle, the detected cont^ustion ratio Is compared witii frie target combustion ratio, ttie Ignition 
timing is controlled, according to the result of the comparison, to be advanced when tfie detected value is smaller than 
the target value and the Ignition timing is delayed when the detected value Is greater than the target value, a fuel irjec- 
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FIQ. 19 is a diagram showing the corretatton between the burning rate, and HC and NO^ emissions, for a lean A/F 
value and a predetennlned crank angle of ATDC 50''. 

FIQ. 20 is a diagram showing the correlation between the burning rate and the dispersion of engine output, for a 
5 lean A/F value and a predetermined aank angle of ATDC SO**. 

FIQ. 21 is a map diagram used for finding target crank angles, according to engine speed and load. 

FIQ. 22 Is a diagram showing the correlaton between the crank angle, and HC and NO^ emi&stons, fbr a lean A/F 
10 - : vdlue and a burning rate of 70%, 

FIQ. 23 is a diagram showing the correlation between the crank angle and the dispersion of engine output, for a 
. lean A/F value and a burning rate of 70%. 

16 . . FIQ. 24 ie a diagram of the combustion chamber pressure showing the burning pressure detection point used for 
measuring brake torque and burning rates of two stroke engines, corresponding to Fig. 6 for the foregoing four 
stroke engines. 



20 



25 



30 



FIQ. 25 is a flowchart for the compensation operation. 
FIQ. 26 Is a routine for preventing abnormal combustion. 

FIQ. 27 is a compensation routine of ignition timing when a compensation value is calculated according to the devi- 
ation. 

FIQ. 28 is a compensalibn routine of the amount of fuel supply when a compensation value is calculated according 
to the deviation. 

FIQ. 29 shows a variation of the combustion rate FMB by the operation of ignition timing. 

FIQ. 30 shows a variation of the con^stion rate FMB by the operation of the amount of fuel supply. 

FIQ. 31 is a cold startir^g control routine in case having a target value map. 

3S FIQ. 32 is a graph showing the relation between combustion rate and exhaust temperature at the predetermined 
crank angle. 

FIQ. 33 is a graph showing the relation i>eN(reen crank angle ajnd in-cylinder gas temperature. 

40 FIQ. 34 is a graph showing the relation between combustion rate at the predetermined crank angle and discharge 
ofHCandNOx. 

FIQ. 35 is a graph showing the relation between conribustion rate and output fluctuation at the predetermined crank 
angle 

"45 • 

FIQ. 36 shows a variation of the combustion rate FMB by the operation of ignition timing. 

FIQ. 37 is a diagram of map to determine the goal combustiot) rate according to the number of engine rotation and 
• •the load.' 

60 

FIQ. 38 is. a graph showing the relation between crank angle and exhaust tenrperature at the predetemnlned com- 
• • bustionrate. 

FIQ. 39 is a graph shovinng.the relation between crank angle and discharge of HC and NOx at the predeterntined 
65 combustion rate. . 

FIQ. 40 Is a graph showing tiie relation between crank angle and output fluctuation. 

FIQ. 41 is a routine for preventing abnormal oonrft)ustion. 
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an oil sensor (not shown). Those data taken in are stored in a mennory A. Engine load may be known as the accelerator 
position or throttle opening. Once the throttJe evening and the engine revolution are determined, amount of intake air in 
normal operating state may be determined, and therefore amount of intake air detected directly may be regarded as the 
engine load. Alternatively, since Intake pipe negative pressure has a certain relationship with the throttle opening once 
5 the engine revolution is determined, the Intake pipe negative pressure detected may be regarded as the engine load. 

Step S13: On or off state Information is taken In and stored In a memory B(1) for various switches; a Wll switch 43, 
a main switch (not shown), a starter motor switch (not shown), etc. The kill switch 43 is an emergency switch which is 
not employed in engines for land vehicles but in small marine engines for instance. 

Step S14: Operating state Is deterrnined from the sensor inlpmnailon taken in the step S12 and the switdi infbrma- 
10 tion taken in the step 81 3. Values corresporiding jto the operating.states 1 through 5 are input to variables 0 in the mem- 
ory. 

Operating state 1 : In a constant throttle or moderate throttle operation state with medium to high revolution, with 
medium to high load, without rapid acceleration or deceleration, with the throttle opening not less than a specified value, 
with the engine revolution not less than a specified value, and with the tiirottle opening changing rate not more than a 
15 specified value, the operating state Is deterntined as an MBT (Minimum Advance Ignition for Best Torque) control etate, 
and a value 1 is stored as the variable 0. 

Operating state 2: When the throttle opening changing rate is not less than a specified value, the operating state is 
determine as transient, and a value 2 is stored as the variable C. 

Operating state 3: When the throttle opening is not more than a specified value and the engine revolution is within 
20 a spedfied range, for Instance 2000 rpm - 5000 rpm, the operating state is determined as in a lean combustion control 
etate, and a value 3 is stored as the variable C. 

Operating state 4: When the engine is in an abnormal state such as the engine revolution being not less than a 
specified limit or over-revolution, the engine temperature being not less than a specified value or overheat etc.. tiie 
operatir^ state Is determined as an abnornnal operating state, and a value 4 is stored as the variable C. 
zs Operating state 5: When the engine tenperature is not higher than a specified value and the starter switch is on, 
the operating stale is determined as a cold start state, and a value 5 is stored as the variable C. 

When the main switch or kfll switch is off, the operating state is determined as an engine stop request state, and a 
value 8 Is stored as the variable G. 

Furthermore, the nuniber of repetition of the step 814 is checked wi^ the same value of variable C and with the 
30 flag P=1 unchanged. When the number exceeds a specified value R. It Is set to P=0. 

When changes are made with: 

Rc = 1 when 0=1, 
Rca2whenCe2, and 
55 Rc«=3whenOta3, 

the result is, 

R/c=1 < R/c=2 < R/C=r3 

40 

When the C value in the previous routine is different from that of the present time, it is set to P^. 
Step 815: Determination is made whether or not to perfcn-m a mode operation. When the variable C is 1 -3, the proc- 
ess goes to the step SI 5, and when the variable 0 is 4-6, it goes to the step S20. 

Step S16: Based on the value of the flag P, virhen Ps=0, a target combustion ratio corresponding to the engine rev- 

45 olutlon and load is determined from tiie map data in the memory (corresponding to those in Fig. 5) ar\d the result Is 
stored in the memory D. A basic ignition timing, a basic fuel injection start timing and a basic fuel injection amount are 
also determined from map data in the memory which are respectively similar to ti^ose in Rg. 5 (pictorial representation 
of values given as a function of the engine revolution and k>ad), and they are stored in tiie memories E*(1), E'(2), and 
E'(3) respectively. After the storing, it is set to Pd . When PsO, the process goes to the 8t^ 817, . 

50 The con^usUon rate is defined as tiie rate of combustion of the fuel bumed In one combustbn cycle up to a certain 
crank angle. With regard to computing tills combustion rate, one metiiod is to use the combustion chamber pressure 
data tiiat was taken at a plurality of poirrts during one combustion cycle and use a first-order approximation equation; . 
the other method would be to deternvne the conrtbustion rate up to the.desired crank angle (for examplOi top dead 
center) computing heat production using samplings of the combustion pressure and a thermodynamic equation. Botii 

5$ methods yield computed results that very dosely approximate the real values. In t^us case, the combustion pressure 
data would be detected at a crank angle In the first period between the end of ttie exhaust stroke and the beginning of 
the compression stroke, at a crank angle at top dead center or a crank angle near top dead center, and at crank angles 
after top dead center and before the beginning of tiie exhaust stroke. That is in the 1bur*cycle engine, as shown in figure 
6. tiie pressure in tiie combustion chamber decreases to approach ^e atmosf^wic pressure as exhaust gas in the 
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to prevent the generation o1 NO^ emissions caused by the rapid advance of combustion. 

With regard to the second computation method for the combustion rate, qx is computed using the heat generated 
between two pressure measurement points (crank angles) the pressure difference AP between the two pressure meas- 
urement points, the volume difference AV in the volume of the combustion chamber, where P and V are the first of the 
5 two pressure values and combustion chamber volume values that were measured, A is the heat equivalent, K is the 
specific heat ratio, R is the average gas constant, and PO is the pressure at BDC: 
Heat generation: 

The specific pressure measurement point up to where the con^ustion rate is measured should be selected as the 
rank angle where comljust'on Is nearly complete. Similarly, a crank angle near the point of ignition would also be 
15 selected as a pressure measurement poi nt. The calculation of the foregoing amount of heat generation Qx is performed 
by summing the values determined for each of the pressure measurement points^ and with regand to the interval 
between the Initial pressure measurement point to the specified pressure measurement point (the specific crank angle). 
Then the combustion rate is determined by summing for the foregoing Qx and then dividing; to wit: 
Combustion rate: 

20 

ox ts the amount of combustion heat up to the desired crank angle / all of the heat X 100 (%) 
T(Q1 +Q2 + .., + Qx)/(Q1 +Q2 + ...-f Qn)x100 

The above computation can used to measure the combustion chamber pressure at a plurality of specific crank 
zs angles, and based upon that data, the combustion rate up to the desired crank angle can be accurately compute. 
Then, by using this oombustbn rate for engine control, it is possible to obtain stable output and engine BPM. 

Step S1 7: Using the intake air temperature anformation and intake pipe negative pressure information, compensa- 
tion calculation of the fuel injection amount is carried out. That is to say, when the intal^e air tenperalure increases, the 
air density deaeases and the substantial air flow rate decreases. This results in the decrease in the air to fuel ratio. 
30 Therefore, compensation amount for reducing fuel Injection amount has to be calculated. 

Step SI 8: Basic fuel injection is started according to the engine load and engine revolution. The basic fuel injection 
amount and the basic ignftion timing are determined In the step SI 6 and stored In the memory E'(i). Based on these 
• data, the fuel Injectton compensation amount and the ignition timing compensation amount are determined according 
to the compensation amount determined in the step S17 and information stored in the memory A(i), and added to the 
35 basic values to determine the control amounts. As the control amounts, the ignition start timing is the value in the mem- 
ory E(1), and the ignition period is the value in the rriemory E{2). When P =1 , the injection start timing and the injection 
end timing are stored in F(3) and F(4) respectively. When P=0. the injection start timing and the Injection end timing are 
stored in E(3) and E(4) respectively. 

This Is input to the memory E(i). In a similar manner, control amounts for the servomotor group and the solenoid 
40 valve group are cateulated according to the information stored in the memory AC) and stored in the memory G(i). 

Step S19: Actuators such a servomotor group and solenoid valve are driven and controlled according to the control 
amounts in the menrory Q(i). 

Step S20: Whether an engine stop request is present is determined. If present the process goes to the step S21 . 
If not, the process goes to the step S22. 
45 S\&s> 821 : Values of the memory E(i), where 1=1-4, are set to zero as stop data. 

Step S22: An engine start is ched^ed. If yes. the step goes to the step S23. If not. it goes to the step S25. 
Step S23: Data stored in advance in the memory for the start are set to the memory F(i). 
Step 824: Starter motor is actuated. * 
Data corresponding to the types of abnormal condlttons are set to the memory Fp). 
.50 Next, the Interrupt routine 1 shown in FIQ. 3 will t)e described. This Interrupt routine 1 is executed by inlenupting 
the main routine when a specified crank angle signal is input. 

Step S1 1 1 : A timer is set to perform Intenvption routine 1 at every specified crank angle, 

intennplion at the next crank an^ie. 

Step S1 1 2: The data at a crank angle at which an interruption occurred is taken into the memory. 
65. Step 113: Whenthedataateverycrankangleatwhichaninterruptlonoocurredistakenbto 
ess goes to the step S1 1 4. 

To perform control commensurate witti operating conditions, Identifying data is discriminated. When the variable C 
is 1, control is performed with the MBD control routine of the step 

S1 15. When the variable C is 2, control Is performed v«th the tran^ert re^wnse routine of the step S1 1 6: When 
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ing is delayed. 

The target crank angle Is determined from the map data in FIG. 9 in which the load i& plotted along the lateral axie 
and the target crank angle (CHA) at which the specified combustion ratio is reached is plotted along the vertical axis. 
For example, the target crank angle CRAo(Rx. Lx) at which the specified con4)ustion ratio of 60%. 70%, or 80% is to 
5 be reached is determined from the actual engine rpm (Rx) and the actual engine load (Lx) on the map. 

FIQ. 1 0 Is a graph for the feedback control of the combustion ratio. Under specified operating conditions (Lx, Bx), 
the target crank angle CRAo(Lx. Rx) at which the combustion ratio FMB of 75% for example is cateulated, and the 
measured crank angle CRA(lgT) is detern^ned from the pressure data. 

Then, the Ignition timing (IgT) is compensated eo thiat the difference between the targe) crank angle CRAo(Lx, Rx) . 
10 and the measu>;ed crank angle CRA(lgT) approaches zero. If the measured crank angle CRA(lgT) is in advance of the . 
target crank angle CRAo(Lx, f^). ignition is made with adelay of delta-lgT from the ignitton timing IgT. If the measured 
crank angle CR A(igT) is behind the target crankangte OR Ao(Ijc, Rx), ignition Is made with an advance of delta-lgT from 
th$ Ignition Crrtng IgT. 

In the step 81 13 of the interrupt routine 1 of FIG. 3. combustion pressures P0-P5 at six crank angles (aO-aS) are 
IS detected. From the detected pressure data, combustion ratios are calculated. The en^Uaodimenta of this invention may 
be employed in engines in which fuel is supplied through a caitHirettor. 

Figure 11 shows a structural diagram of this invention as applied to a two-cycle engine. As with the four-cycle 
engine shown In Figure 1 , connecting rods 246 are connected to the crank shaft 241 . and at the other end, the combus- 
tion ciwriDers 248 are formed in tfie space between the pistons and the cylinder head. There is an engine RPM sensor 
20 267 and a crank angle sensor 257 attached to the crankcase which detect the marks on the ring gear attached to the 
crank shaft and issue standard signals and detect the crank angle. Also attached to the crankcase is a crank chamber 
pressure sertsor 210. 

Air is conveyed into this crank chamber from the air intake manifold through the reed valve 228. Air is conveyed to 
the air Intake manifold through the throttle valve 204 of frie carburettor and the air cleaner 231 . An intake pressure sen- 

25 sor 21 1 is mounted in the air intake manifold on the downstream side of the throttle valve. The throttle valve 204 is oper- 
ated by a grip 206 that is linked by a wire 205 to the throttle pulley 203, This grip 206 Is attached to the steering handle 
bars 207, and an acc^erator position sensor 202 is mounted at its basa 212 is a throttle aperture sensor. 

There is a scavenging port 229 in the cylinder which connects the combustion chamber and the crank chamber 301 
by means of the scavenging passage 253 when the piston is in certain positions. There are also echaust ports 254 in 

30 the cyBnder wMch connect to the exhaust passage 253. There is an exhaust timing adjustment valve 264 installed in 
the exhaust passage wan in the vicinity of the exhaust port The variable valve 264 is driven by the actuator 285 of a 
servo motor, etc. There is an exhaust pipe pressure sensor 213 and an exhaust pipe temperature sensor 223 mounted 
in the exhaust pipe that comprises the (^aust passage. Furthermore, the exhaust passage is equipped with an 
exhaust passage valve, which is driven by the actuator 282 from a servo motor, etc. The function of the exhaust pas- 

95 sage valve is to improve the rotational stability by pre\renting blowby through the constrictkxi during low speed opera- 
tiona 

A knocking sensor 201 Is attached to the cylinder head, as are spark plugs and C(yntxjstIon chamber pressure sen- 
sors 200 which lie at the edge of the combustion chambers. The spark plugs are connected to an ignition control appa- 
ratus The injectors 208 are attached to the cylinders' side walls. Fuel is conveyed to these Injectors 208 by means 
40 of the fuel delivery lines 209. \ 

Combustion gas chambers 279 are formed in ^e cylinder block which are linked by connecting holes 278 to the 
middle area of the exhaust ports near the exhaust port operting for the cylinder bore and the cylinder head the cyl- 
inder blode These connec^'ng holes are set to guide the foregoing combustion gas. which contains almost no blow-by 
gas, Into the foregoing combustion gas chamba^. There are O2 sensors 27 attached to the inskle of tfiese combustion 
45 gas chambers that detect the oxygen concentration therein. In addition, check valves that are not shown are located at 
the entry to the combustion gas chambers and at the exit to the exhaust ports to prevent reverse flows in these areas. 

Thus/drive control of the engine is exercised by a control unit 257 having a CPU 271 . The inputs connected to this 
control unit 257 include the foreigoing conUxjstion chamber pressure sensors 200. the knodgng sensor 201 . the accel- 
erator position sensor 202, the crank chamber pressure sensor 21 0, the air intake pipe pressure sensor 21 1 , the throttle 
50 aperture sensor 212, the exhaust pipe pressure sensor 213, the crank angle detection sensor 258, the engine RPM . 
serisbr 267 arvi the O2 sensor 277. The output ekle of the control unit 257 Is connected to the Injectpis 208, the actuator 
265 for the ^chaust tinning adQiistment valve, the actuator 282 fot the exhaust valve, and to the oil supply device (not 
shown). , . . 

Rgure 12 is a graph of the combustion chamber pressure that shews the point of measurement of the pressure 
s$ data to confute combustion rate for the foregoing 2 cyde engine, and this graph is similar to the one (Figure 6} above . . 
for the four-cycle engine. As described above, the combustfon chamber pressure data sampling takes place at 6 crank 
angles. In the figure, the area inside the A range Is the crank angle range for which the exhaust port is open, an6 the B 
range is that crank angle range for which the scavenging port is open. The sarrpling metliods at the various crank, 
angles (aO to a5) and the methods of computation of essentially the same as used for the four-pyde engine described 
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tlon taken in the step S13. Values corresponding to the operating states (1) through (6) are input to variables C in the 
memory. 

Operating state (1): In a constant throttle or moderate throttle operation state with medium to high revolution, with 
medium to high load, witfiout rapid acceleration or deceleration, with the throttle opening not less tfian a specified value. 
5 with the engine revolution not less than a specH fed value, and with throttle opening changing rate not more than a 
sped! led value, the operating slate is determined as an MBT (Minimum Advance Ignition for Best Torque) control state, 
and a value 1 is stored' as the variable C. 

Operating state (2): When the throttle opening changing rate Is not less than a specified value, the operating state 

is determined as transient, and a value 2 Is stored as the variable C. 

10 Operating state (3): When the throttle opening is not more than a specified value and the engine revolution is within 
a specified range, for instance 2000 rpm - 5O00 rpm; the operating state is determined as a lean combustion control 
state, and a value 3 Is stored as the variable C. 

Operating state (4): Wlien the engine Is in an abnormad state such as the engine revolution being not less than a 
specified limit or over-revolution, the engine temperature being not less than a specified value or overheat, etc.. the 
16 operating state Is determined as an abnormal operating state, and a value 4 is stored as the variable C. 

Operating state (5): When the engine temperature is not higher than a specified value and the starter switch is on. 
the operating state is determined as a cold start state, and a value 5 is stored as the variable C. 

When the main switch or Wll switch is off, the operating state Is determined as an engine stop request state, and a 
value 6 Is store^d as th0 varlabi e C. 
20 Operating condition (7): When the clutch fs in the neulral portion, or engine speed Is below a given value, or the 
idle SW (throttle perfectly closed SW) is on, it Is decided that the engine is in an Idle mode, and store 7 in the variable C. 

Operating condition (8): When the switch is on in an EGR control (part of exhaust gas is re-circulated to the intake 
air system), it is decided that the engine is in an EQR control mode, and store 8 in the variable C. 

Operating condition (9): When the engine tenr^erature Is above a given value and the starter switch is on, It Is usu- 
25 aUy dedded that the engine Is in an engine start condition, and store 9 in the variable C. 

Operating condition A (1) : If an abnomial pressure rise or an abnonma! pressure transition in the combustion cham- 
ber prior to spark ignition is detected from the pressure data of the combustion chamber, it is decided that the engine 
is in an engine start condition, and store 10 in the variable C. 

Furthermore, the number of repetition of the st^ S14 is checked with the same value of variable C and with the 
30 flag P=1 unchanged. When the nunlber exceeds a specified value R. it is set to P=p. . 
When changes are made with: 

Rcb 1 when Co 1, 
Rc = 2 when C = 2, and 
55 Rc = 3 when C = 3. 

the result is 

R/ct=1 < R/c=2 < R/c=3 

.40 

When the 0 value in the previous routine is different from that of the present time, it Is set to P » 0. 
Step SI 5: A decision is made on whether to perform a mode operation or not; if the variable C is one of 4. 6. and 
9, then transfer to Step 820; othenwise. transfer to Step S16. 

Step SI 6: Based on the value of the flag P, when P = 0, a target combustion ratio con-esponding to the engine rev- 
45 : olutlon and load Is determined from the map data in the memory (con-esponding to those in FIG. 6) and tfie result Is 
stored in the memory D. A basic fuel injection start tinting and a basic fuel injection amount are also determined from 
* map data in the memory which are re^edively sintilar to those in FKSL 5 (jpictorial representation of values given as a 
function of the engine revolution and load) and they are stored in the memories E'(1), E*(2), and E'(3) respectively. 
Even H P = 0, if the variable C Is 5, find out a target txjrnlng rate according to the target burning rate map for cold 
60 ' stert, and store the value in tfie memory D; if P = 1 , transfer to Step S1 7 without any action. 

The combustion rate Is defined as the rate of combustion of the fuel burned in one ccrhbustlon cyde up to a certain 
crank angle. Witti regaid to computing this combustion rate, one metiiod is to use the combustion charnber pressure 
data ^at was taken at a plurality of points during one combustion cyde arid use a first-order approximation equation: 
the other method would be to determine the corfibustion rate up to the desired crank arrgle (for example, top dead 
65 center) computing heat production using samplings of the combustion pressure and a therrhbdynamic equation. Both 
methods yield computed results that very closely approMmate the real values, in this case, the combustion pressure 
data would l>e detected at a crank angle In the first period between the end of the exhaust stroke and the beginning of 
. the oompressipn stroke, at a crank angle at top dead center or a crank angle near top dead center, and at crank angles 
after top dead center and before the b^rviing of the exhaust stroke. 
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an accurate value for the combustion rate with is almost the same as the actual value. Accordingly, by using this com- 
bustion rate as the basis for the control of the engine's Ignition timing or air/fuel ratio, it Is possible not only to get better 
energy efficiency from combustion, but to inprove response, and to prevent output fluctuations by accurately following 
the operating state of the engine when performing EGR control under lean burn engine operations. It is further possiWe 
5 to prevent the generation of NOx emissions caused by the r^id advance of combustion. 

With regard to the second computation method for the combustion rate, qx is computed using the heat generated 
between two pressure measurement points (crank angles) the pressure difference AP between the two pressure meas- 
urement points, the volume difference AV in the volume of the combustion chamber, where P and V are the first of the 
two pressure values and combustion chamber volume values that were measured. A Is ttie heat equivalent, K Is.the. 
10 specific heat ratio, R is the average gas constant and PO is the pressure at BDC: 

Heat generation: 

Qx = ^x(i!^xAPxAV + Kx(P-P6)) . : 



IS 
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The specific pressure measurement point up to where the combustion rate is measured should be selected as the 
aank angle where combustion Is nearly complete. Similarly, a crank angle near the point of ignition would also be 
selected as a pressure measurement point The calculation off the foregoing amount of heat generation Qx is performed 
by summing the values determined for each of the pressure measurement points, and with regard to the interval 
between the initial pressure measurement point to the specified pressure measurement point (the specif ic crank angle). 
Then the combustion rate is determined by sunwning for the foregoing Qx and then dividing; to wit: 
Combustion rate: 

26 QX « the amount of combustion heat up to the desired aank angle / aO of the heat X 100% 

o(Q1 +Q2 + ... + Qx)/(Q1 +Q2 + ... + Qn)x100 

The above computation can be used to measure the combustion chamber pressure at a plurality of specific crank, 
angles (at the step S1 1 2 of Rg. 3), and based upon that data the corTt)ustion rate up to the desired crank angle can 
30 be accurately computed (at the step S103 off Fig. 14)..Trien. by using this combustion rate fpr engine control, It is pos- 
sible to obtein stable output and engine RPM. 

Step S17: Using the Intake air temperature information and intake pipe negative pressure Inftymatlon, compensa- 
tion calculation of tiiefuel Iriiection amount le carried out. That is to say, when tiie intake air temperature Increases, the 
air density decreases and tiie substantial air flow rate decreases, This results in tiie decrease in the air to fuel ratio. 
35 Therefore, compensation amount for reducing fuel injection amount has to be calculated. 

Step SI 8; Basic fuel injection Is started according to ttie engine load and engine revolution, TTie basic fuel Injection 
amount and the basic Ignition timing are determined in tiie step S16 and stored in the memory E'O)- Based dn these 
data, the fuel injection compensation amount and the ignHlon timing compensation amount are determined according 
to tiie compensation amount determined In the Step 817 and information stored in ttie memory A(i). and added to tiie 
40 basic values to determine the control amounts. As the control amounts, tiie ignition start timing Is the value in tiie mem- 
ory E(1). and tiie ignition period is tiie value in the memory E(2), When P = 1 » the injection start timing and the injection 
end timing are stored in F(3) and F(4) respectively. When P = 0, the Injection start timing and tiie injection end timing 
are stored in E(3) and E{4) respectively. 

This Is input to tiie memory E(i"). In a similar manner, control amounts for the servon-otor group and the solenoid 
45 valve group are calculated according to the Information stored in the memory A(i) and stored in tiie memory G(i). 

Step 81 9: Actuators such a servomotor group and solenoW valve are driven and controlled according to the control 
amounts in tiie memory 0(i). 

Step 820: Whether an engine stc^ request is present is determined. If present the process goes to the step S21 . 
If not, tiie process goes to the step 822. 
60 Step 821 : Values of the memory E(i), where I = 1 - 4, are set to zero as step data. 

Step 822: An engine start Is checked. If yes, tiie step goes to the step 823. H not, it goes to tiie step 825, 
St^ 823:* Dfite stored in advance in the memory for tiie start are set to the memory F(i). 
Step 824: Starter motor is actuated 

Step 825: This is tiie case in which the variable C is 4, and the data corresponding to tiie abnormal phenomena 
55 are set, for example, miss fire data If over-revolution happens, or data used tor increasing fuelinjection whUe choking 
throttie opening If overheat occurs. 

Next, the interrupt routine (1) shown in FIQ. 3 will be described. TWs Interrupt routine (1) is executed by Interrupting 
the main routine when a specified crank angle signal is Input 

Step Si 11: A tinier is set to perform intemiption routine (1) at every specified crank angle, namely to perform tiie 
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S208. 

Step S208: Subtract 1 from the counter FCOUNT and return. 

Bg. 16 is a flowchart of an ignition timing correction control routine whose target value is a burning rate at a given 
crank angle. The functions of this ignition finning correction routine is shown in Fig. 1 7. ITns routine is performed at Step 
5 S207inHg, 14. 

Step SI 51 : Find out the difference AFMB between the target burning rate FMB and the actual value FMB(e), and 
transfer to Step S1 52, 

Step SI 52: According to the difference AFMB, read a correction variable gi from the map, and transfer to Step 

, .,..S153. , _ . ' . , 

.10 _ step S.I 53.: Add the. correction variable gi.tp the pre^^ous ignition timing correction vahj.e.lQfp to make a new igni- 
tion timing correction value IQTD, and transler to Step S154. 

Step S154: If the Igntion timing correction value IQTD is positive, transfer to St^ S155a; if it is 0 or negative, trans- 
fer to Step Si 55b. . . 

Step SI 55a - Step Si 56a: If the ignition timing correction value IGTD does not fall in the limit IGTDS on the 
75 advanced angle side, perform Step SI 56a to place a limitation and return; if within the limit IGTDSi return without 
action. 

Step S155b - Step S156b: If the ignition timing correction value IQTD does not fail in the limit IQTDR on the delayed 
angle side, perform Step $156b to place a limitation and return; if within the limit IGTDB, reXurn without action. 

In the lean burning control described above* the dispersion of burning conditions and HC emissions are decreased 
20 while extreme lean burning can be effected. A target value map for 

the lean burning control Is provided for the control target To determine the tolerance limit to the HC emission 
Increase or instability in engine output, the burning rate or the crank angle at the latter part of combustk>n, for example, 
(a) the burning rate at a crank angle of ATDC 50"* or (b) the annk angle reaching a burning rate of 70%. may be set as 
a target valua 

25 This target value shows the tolerance limit to the deterioration of burning conditions. When the k>urning rate is 
smaller than the target value in (a), or when the burning rale is larger than the target value in (b), the burning rate indi- 
cates the deterioration of txirning conditions. 

The lean burning control routine is a sub-routine of the burning rate control routine executed for every engine rev- 
olution, and is performed when the control mode detected from the c^^eration conditions by main routine Is a lean burn- 

30 ing control. 

When this lean burning control routine is performed, — ?7-^oonrection oontr^s of Ignltioh timing and fuel supply are 
perfbrmed afternately, and the corrected values are slored. 

If the burning rate is above a reference value, it is decided tiiat leaner burning is possible, and fuel supply Is 
decreased by a given valua If not. it is decided that no leaner burning is possS^le any more, and fuel suFH^Iy rs increased 
35 by a given value. After the fuel supply control described above, the ignition timing correction corrtrol is applied to several 
subsequent engine cycles to optimize ignition timing so that the burning rate will agree with the target value. 

Fig. 15 is a diagram showing the burning rate being altered when fuel supply is changed. Une 8A shows a case for 
a richer A/F, line SB fbr a proper A/F, and line 8C for a leaner A/F; if the measured buming rate at a given crank angle 
(for example B) is ai which Is larger than the target burning rate (for example A), then fiiel supply is decreased; if it is 
40 b2 whidh is smaller than the target burning rate (for exanrple A), then fuel supply is increased. 

Also, if the measured crankangle reaching a given burning rate (for example A) is b2 which is larger than the target 
angle (for example B), then fuel supply is increased; if it is b1 which is smaller than the target angle (fbr example B): 
then fuel supply is decreased. 

Thus, it is performed that afuel supply control wherein initial values of fuel supply at least corresponding to engine 
45 load are set as data so that lean mixture is formed In a combustion chamber when fuel Is supplied to the engine; 
wher^n burning rates at a predetermined crank angle are stored in a memory as map data of target burning rates cor- 
responding to at least either of engine load and engine speed, or alternatively crank angles reaching a predetermined 
burning rate are stored in a memory as map data of target crank angles corresponding to at least either of engine load 
and engine speed; and wherein an actual buming rate up to the predetermined crank angle is detected, and according . 
60 to the comparison of values of the detected buming rate and the target buming rate, fuel supply is increased when the 
detected buming rate is smaller than tiie target burning rate or fuel supply Is decreased when tiie detected burning rate 
is larger than the target burning rale; or alternatively an actual crank angle reaching the predetermined burning rate is 
detected, and according to the conparison of yalueis of the detected crank angle and tiie target crank angle, fuel supply 
is increased when the target crankangle is in an advanced position or fuel supply is decreased when the detected crank 
65 angle is in an advanced position, so lean burning can be effected, exhaust emissions are reduced with Improved fuel 
. consumption. 

Fig. 17 is a diagram showing the buming rate FMB being altered throughtheigrtitiohtlmlngconlroL Une lOAshows 
a case for advanced Igrntion timing, line 10B for proper Ignition timing, and line IOC for delayed ignition timing; if the 
measured burning rate at a given crank ar^le (for example B) is a1 which \s larger than the target burrmig rate (for 
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embodiment of this invention can be also applied to engines with caiburetor for fuel supply. 

By the way, in the foregoing lean burning control, it can also be applied that at least either when engine load is 
smaller than a predetermined value or when engine speed is lower than a predeternruned value, said ignition timing con* 
trol based on said detected burning rate or detected crank angle, and said fuel supply control are performed; and 
5 wherein when engine load or engine speed is not in said conditions, only said ignition timing control based on said burn- 
ing rate is performed. 

Or, It can be applied that the Ignition timing control and the fuel supply control are performed alternately. In this 
case, wHh regard to the ignition timing control, a control may be performed wherein ignition timing is delayed when the 
detected burning rate is larger than the first target burning rate above the target burning rate in the map data, Ignition . 
10 timing is advanced when the detected burning rate is srrialler than the second target burning rate below the target burn- 
ing rate in the map data, and ignition timing is Icept unchanged when the detected value fails between the first and sec- 
ond target burning rates; with regard to the fuel supply control, a control may be performed wherein fuel supply is 
decreased when the detected burning rate is equal to or smaller th^n the second target burning rate, and fuel supply is 
always increased when the detected value Is larger than the second target burning rate. 
16 When an alternate control is executed, the first predetermined number of ignit'on timing controls and the second 
predetermined number of fuel supply controls may be performed alternately. 

In this control, the first predetermined number is set higher than the second predetermined number. 
In the lean burning control of the foregoing embodiment, it can be applied Oiat initial values of the fuel supply at 
least corresponding to engine load are set as data so that lean mixture is formed In a combustion chamber when fuel 
20 is supplied to the engine and that the air-fuel ratio of the lean mixture can be increased with a decreasing engine load. 
Or, it can also be applied that the target burning rate used In the first operating condition In wHoh said Ignition timing 
control based on said detected burning rate or detected crank angle, and said fuel su^iy control are performed and in 
which at least either engine load is smaller than a predetermined value or engine speed is lower than a predeterntined 
value. Is kept smaller than the target burning rate used In the second operating condition in which only said Ignition jtim- 
25 ing control is performed based on said detected burning rate or detected crank angle. 

Furthermore, it can t>e applied that burning jyessures are detected at least at four crank angles, one from the 
exhaust stroke end to the beginning of the compression stroke, one from the t>e9inning of the conrpression stroke to 
tgnit}on, and two angles during the time from the ignition start to the beginning of the exhaust stroke, and ssiid delected 
burning rate or detected crank ar^te is calculated based on these buming pressure data. 
30 As described above, with the control method Ibr an engine of the invention, an actual burning rate up to the prede- 
' termined crank angle Is detected, arid according to the comparison of values of flie detected burning rate and the target 
burning rate, fuel supply Is increased when the detected burning rate Is entailer than the target burning rate or fuel sup- 
ply is decreased when the detected burning rate is larger than the target buming rate; or alternatively an actual crank 
angle reaching the predetermined burning rate is detected, and according to the conrparison of values of the detected 
35 crank angle and the target crank angle, fuel supply is increased when the target crank angle is in an advanced position 
or fuel supply Is decreased when the detected crank angle is In an advanced position, so that the fuel supply control is 
performed based on the buming rate up to a given crank angle, whereby exhaust emissions will be reduced whBe lean 
burning can be effected with improved fuel consumption. 

According to the invention a fuel supply control Is performed based on the target burning rates with tolerances in 
40 the map data or the target crank angles with tolerances in the nnap data, so that an easy and accurate fud supply con- 
trol is performed based on the tximing rate up to a given crankangle, whereby exhaust emissions will be reduced while 
lean buming can be effected with improved fuel consumption. To match the Ixjming rate with the target value (strictly 
epeaking. near the targ^ value), some tolerance must^be. provided to restrict the control; othenvise, hunching of the 
buming rate becomes great enough to have a bad Influence on the engine ou^ut because of data reading errors, dis- 
46 turt>ances (noises), or the dispersion of burning conditions. 

Since the object of the lean burning is to lean the mixture as long as the burning rate satisfies the target value, fuel 
. supply is decreased when the burning rate falls in or exceeds the tolerance range. However, a burning rate smaller than 
the tolerable value means excessive leaning, thus fuel supply must be increased. 

As described above, tiie boundary value of the bum^g rate (decision value) does not coincide vnXh the target so 
60 . that stable lean burning can be realized within the tolerance. 

According to the Invention, a fuel supply control is performed according to engine load or engine speedy whereby 
the engine output is stabllced. 

According to the Invention, it is performed that an actual burning rate up to the predetermined crank angle is 
detected, and according to the comparison of values of the detected txjrning rate arid the target burning rate, ignition 
66 timing Is advanced when the detected burning rate is smsUler than the target. burning rate pr ignition timing is delayed 
when the detected buming rate Is larger than the target buming rate; or alternatively an actual crank angle reaching tiie 
predetermined burning rate is detected, and according to the companaon of values of the detected crank angle and the 
target crank angle, ignition timing Is advarx^ when tfie target crank angle Is in an advanced positron or ignition timing 
is delayed when the detected crank angle is In an advanced position, whereby exhaust emissions will be reduced, vvhlle 
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specified limit or over-revolution, the engine temperature being not less than a specified vaJue or overheat, etc.. the 
operating state Is determined as an abnormal operating state, and a value 4 is stored as the variable C. 

Operating stale (5): When the engine temperature Is not higher than a specified value and the starter switch Is on, 
the operating state is determined as a cold start state, and a value 5 is stored as the variable C. 
5 When the main switch or WH switch is off. the operating state is determined as an engine stop request state, and a 
value 6 is stored as the variable C. 

Operating condition (7): When the clutch Is in the neutral position, or engine speed is below a given value, or the 
• idle SW (throttle perfectly closed SW) is on. it is decided that the engine is in an idle mode, and store 7 Irt the variable C. 

Operating condition (8): When. the switch is on In an EGR.conlrol (pari of exhaust ga^ l.s re-clrqulated to the intake , ..... 
10 air system), it is decided that the engine is In an EGR control mode, and store 8 in the variable O 

Operating condition (9) : When the engine temperature is above a given value and the starter switch is on, tt is usu- 
ally dedded that the engine is In an engine start condition, and store 9 In the variable C. 

Operating condition A(1): If an abncrmal pressure rise or an abnormal pressure transition in the combustion cham- 
ber prior to ^ark Ignition is detected from the pressure data of the combustion chamber, it is decided that the engine 
16 Is in an engine start condition, and store 1 0 in the variable C. 

Furthermore. the number of repetition of the step S14 is checked writh the same value of variable C and with the 
flag P=1 unchanged. When the nunrtber exceeds a specified value f^, it is set to P=0. 
When changes are made with: 

20 Rc=lwhenC«l, 

Rc = 2 when C = 2, and 
Rc = 3 when C = 3, 

the result Is 

25 

R/C=1 < R/C=:2 < R/C=:3 

When the C value in the previous routine is different from that of the present time, it is set to P « 0. 
Step S1 5: A decision Is made on whether to perform a nrode op^ab'on or not: if the variable C is one of 4, 6. and 
30 . 9, then transfer to Step S20; otherwise, transfer to Step S1 6. 

Step S1 6: Based on the value of the flag P, when P=6, a target combustion ratio corresponding to the engine rev- 
olution and load is determined from the map data in the memory (conrespondlng to those in FIG. 5) and the result is 
stored In the memory (D). A'basic fuel injection start tWng and a basic fuel injection amount are also determined from 
map data in the memory which are respeclively similar to those in FIG. 5 (pictorial representation of values given as a 
35 function of the engine revolution and load) and they are stored in the memories EX1). E*(2). and E'(3) respectively. 

Even If P=0. if the variable C is 6, find out a target burning rate-according to the target burning rate map for cold 
start, and store the value in the memory D; if P=:1 , transfer to Step S1 7 without any action. 

The combustion rate is defined as the rate of combustion of the fuel burned in one combustion cyde up to a certain 
crank angle. With regard to computing this combustion rate, one method Is to use the combustion chamber pressure 
40 data thai was taken at a plurality of points during one combustion cycle and use a first-order approximation equation; 
the other rr\ethod would be to determine the combustion rate up to the desired crank angle (for example, top dead 
center) computing hefirt production using samplings of the combustion pressure and a thermodynamic equation. Both 
methods yield computed results that very closely approximate the real values. In this case, the combustion pressure 
data would be detected at a aank angle in the first period between the end of tiie exhaust stroke and the beginning of 
46 the compression stroke, at a crank angle at top dead center or a crank angle near top dead center, and at crank angles 
after top dead center and before the beginning of the exhaust strokie. 

That is in the four-cycle engine, as shown in figure 8, the pressure in the combustion chamb^ deaeases to 
approach the atmospheric pressure as exhaust gas in the combustion chamber is discharged during ti)e exhaust stroke 
as the plstori moves fronri the bottom 6e&i center after expansion to the lop dead certer. During tiie Intake stroke after 
50 the piston passes the top dead center, tine pressure is maintained almost at the atmospheric, and grandually increases 
at the conpression stroke after the piston passes the bottom dead center, and starting after tiie exhaust valve 17 is 
closed at the end of tiie exhaust stroke. 

Apressiire in the combustfon chamber at a time point within the period of time vwhen the pressure is low and near 
the atmospheric Is detected. In figure B\ BDC is chosen as the crank angle aO, however, if it is the beginning of the com- . 
55 pressiori.sfroke, any angle after BDC cart be chosen. Also, a crankangle before BDC can be chosen as tiie crankangle 
aO. 

In the two-cycle engine on ttie other hand, as shown In figurjB 12, tiie pressure decreases as the piston moves 
downward after combustion. When the exhaust port is uncovered, the pressure decreases further. When the scaveng- 
ing port is uncovered, the pressure af^rc^ches the atmospheric as the fresh charge is introduced. As tiie piston moves 
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Heat generation: Qx « x ( 8^ x Ap x AV + K x (P-PO)) 



5 The specific pressure measurement point up to where the combustion rate is measured should be selected as the 
crank angle where combustion is nearly conplete. Similarly, a crank angle near the point of Ignition would also be 
selected as a pressure measurement point The calculation of the foregoing amount of heat generation Qx Is performed 
by summing the values determined for each of the pressure measurement points, and with regard to the Interval 

: between the initial pressure measurement point to lhe specified pressure measurement point (the specific crank angle). 

TO Then the combustion rate is determined by summing for the foregoing Qx and then 
Combustion ratie: . . : : * 

qx » the amount of conribustion heat up to the desired crank angle / all of the heat X 100% 
»(Q1+Q2 + ;.. + Qx)/(Q1 +02 + ;.. +Qn)x100 

15 

The above computation can be used to measure the combustion chamber pressure at a plurality of specific crank 
angles, (at the step S1 12 of FIQ.3). and based upon that data, the combustion rate up to the desired crank angle can 
be acdjrately computed (at the step S223 of FIG.26). Then» by using this combustion rate of engine control, it is possi- 
ble to obtain stable output and engine RPM. 
20 Step S17: Using the intake air temperature information and intake jpape negative pressure information, compensa- 
tion calculation of the fuel injection amount Is carried out That is to say, when the intake air tenperature increases, the 
air density decreases and the substantial air flew rate decreases. This results in the decrease In the air to fuel ratio. 
Therefore, corr^ensation amount for reducing fuel injection amount has to be calculated. 

Step Sid: Basic fuel injection Is started according to the engine load and engine revolution. The basic fuel injection 
^5 amount and the basic ignition timing are determined in the step S16 and stored in the memory Based on these 
data, the fuel Injection compensation amount and the ignition timing compensation amount are determined according 
to the compensation amount determined In the step S17 and infonnation stored in the memory A(l). and added to the 
basic values to determine the control amounts. As the control amounts, the ignition start timing is the value in the mem- 
ory E(l). and the ignition period is the value in the memory E(2). When Pd , the injection start tirriing and thie injection 
30 . end timing are stored In F(3) and F(4) respectively. When P « 0. the Injectton start timing and tiie Injection er^ timing 
are stored in E(3) and E(4) respectively 

This is input to the memory E(i). In a similar manner, control amounts for the servomotor group and the solenoid 
valve group are calculated according to the Intonmatlon stored in the memory Ap) and stored In the memory G(l); 
Step SI 9: Actuators such a servomotor group and sol^oid valve are driven and controlled according to the control 
35 amounts in the memory G(i). 

Step S20: Whether an engine stop request Is present is determined. If present, the process goes tp step S21. If 
not. the process goes to the step S22. 

Step S21 : Values of the memory E(i), where i = 1 are set to zero as stop data. 
Step S22: An engine start is checked. If yes, the sl^ goes to the step S23; If not. it goes to the step S25. 
40 Step S23: Data stored in advance in the memory for ttie start are set to the memory F(i). 
Step S24: Starter motor is actuated. 

Step S25: This Is the case In which the variable C is 4. and the data corresponding to the abnormal phenomena 
are set, for example, miss fire data If over-revolutfon happens, or data used for increasing fuel injection while choWng 
throttle opening if overheat occurs. 
45 Next, the Ihtemjpt routine (1) shown in F1Q.3 will be described. This Interrupt routine (1) Is executed by interrupting 
Ute main routine when a specified crank angle signal is input; 

Step S1 11 : A timer is set to perform interruption routine (1) at every specified crank angle, namely to perform tiie 
inteituption at flie next crank angle. 

Step S1 12: The data at a crankangle at which an Interruption dccured Is taken into the. memory. 
60 Step 1 13: When the data at every crank angle at which an Interruption occured is taken into tiie memory, tiie proc- 
ess goes to the step S11 4. 

Step SI 14-S115: See if C - 10 or not. If so, it Is decided that tiie engine is in a state of abnormal burning, perform 
an abnormal burning prevention routine at Step S1 15 and return. 

Step S1'16: See if C b> 2 or not and decide wheti^er the eni^ne is in a state of transient; if so. perform a transient 
55 control routine at Step S1 1 6a to correct Ignltlbn timing and A/F, and retum; othenwise, transfer to Step S1 1 7, : . 

Step S1 17: See if C = 5 or not and dedde whether the engine is in a state of cold start; if so. perform a cold start 
control routine at Step S1 1 7a to correct ignition timing and return; othenwise, transfer to Step S1 1 8. 

Step S1 18: See if G » 6 or not and decide whetiier tiie engine is in a state of an EQR obntrot mode: (f so, perform 
an EQR control routine at St^ S1 1 8 1o correct tiie. EQR rate and ignition timing, and return: otiienA/isa transfer to Step 
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Step S230 IS to go to Step S231 if the transient control execution counter (COUNT) is equal to or more than 2 of 
the set value (COUNT) of the number of the transient control execution, othenA/lse to return. . 
Step S231 Is to go to set the variable of transient control condition to go to Step S232. 
Step S232 is to dear the transient control execution counter (COUNT) to return. 
5 Step S236 is to go to Step S236 if the variable of the transient control condition in Step S224 is STATEc2, then, in 

Step S236, the compensation routine of Ignition timing Is excecuted to got to Step S237. 

Step S237 is to add by 1 to the transient execution counter (COUNT) to go to STEP S238. 
Step S238 is to go to St^ S239 if the transient control execution counter (COUNT) Is equal to or more than 1 of 
.. . thaeet value. (COUNT) .for 8vyit<*)ing.operatipns, pthe^iv^^ 
10 Step S239 is to the variable of the transient control execution (STATE) is to 3.to. return. 

Now Rg. 9 Is referred to the compensation routine of ignition timing if the compensation value is calculated accord- 
ing to the deviation. Fig. 1 1 is referred to the action of the compensation routine of ignition timing. 

Step S151: Find out the difference AFMB between the target burning rate FMB.and the acutal value FMB (0), and 
transfer to Step S1 52. 

13 Step S152: AccordRig to the cSfference AFMB, read a correction variable gl from the nrtap, and transfer to Step 
S153. 

Step S1 53: Add the correction variable gi to the previous ignition timing correction value IQTD to make a new igni- 
tion timing correction value IQTD, and transfer to Step S164. 

Step S 1 54: If the ignition timing correction value IGTD is positive, transfer to Step S1 55a; if it is 0 or negative, trans- 
so fer toStepS155b. 

Step S155a-Step S15ea: If the ignition timing correction value ICTD does not ^11 in the limit IGTDS on the 
advanced angle side, perform Step 81 56a to place a limitation and return: if within the limit IQTDS. return without 
action. 

Step S1 55b-Step S156b: If the Ignition timing correction value IQTD does not fall In the limit IQTDR on the delayed 
25 angle side, perform Step SI 56b to place a limitation and return; if within the Irnrtit IGTDR, return without action. 

Now Fig.28 shows the conpensatlon routine of fuel supply when the compensation value Is calculated according 
to the deviatioa Rg.30 shows the action of the compensation of fuel supply. 

Step SI 71 is to determine the deviation A F between the goal combustion rale FMB and the actual value of FMB(6) , 
to go to Step 8172. 

30 Step 81 72 is to read the compensation variation (gf) fi-om the map according to the devotion A FMB, to go to Step . 
S174, 

Step SI 73 Is to add the compensatiwi variation (gf) to the compensation value (FTD) of tiie previous amount of fuel 
supply to obtain a compensation value (FTD) of the amount of fuel supply, to go to Step Si 74. 

Step 81 74 is to go to Step SI 75a if the compensation value FTD of fuel supply Is positive, and to go to Step 81 75 
35 if it is 0 or negative. 

Steps 81 75a-1 76a are to execute Step 8176a to return vntii a limit unless the compensation value FTD of fuel sup- 
ply is within ttie limit of the Increment side FTDMX. If within tiie limrt FTDMX, to return witfi no limits. 

Steps S1 75a-1 76a are to execute Step S176a to return with a limit, unless the compensation value FTD of fuel sup- 
ply Is within the limit of tiie increment side FTDMN. If within the limit FTDMN. to return with no limits. 
40 As described above, according to the first embodiment of this invention, in the detection of a transient condition, 
advancing and correcting ignition timing more than ignition timing t>ased on the throttie opening and/or the nurhber of 
engine rotation, obtairting the combustion condttim, which NO^ reduces, while the best torque is otrtained correspond- 
ing to at least one of the load or tiie number of engine rotation; in this comtaistion condition, storaging the combustion 
rate at a given crank angle into a memory as a map data of the goal value of combustion rate con'esponding to at least 
46 one of the load or the number of engine rotation, detecting the actual combustion rate to the given crank angle; based 
on the comparison between the detected value and the goal value of this combustion rate, adding to the compensation 
value of the amount of fuel suii^ly. and controlling ignition timing so that ignition tinrting is advanced if the d^ected value, 
is less, and that ignition timing is delayed if tiie detected value }& greater. 

However, as ti^e embodiment (2), it may be possible to caned Steps 8224-2d2 .tn Fig. 26 to execute Step .8236 • 
50 immediately after the execution of Step S223. Thus, In tiie detection of a transient condition, Increasing and con-|»;ting . 
the amount of fuel supply more than the amount according to tiie throttle opening and/or the number of engine rotati'on, 
* obtaining the combi^ion condition, whidi NOx reduces, while tiie best torque is obteiined corresponding to at least one 
of the toad or the number of engine rotation; in this combustion condition, storaging the combustion rate at a given crank 
angle into a memory as a map data of the goal value of combustion rate corresponding to at I ^st one of the load or the 
55 nuniber of engine rotation, detecting the actual combustion rate to the given crank angle; based on tiie comparison 
between tiie delected value and the goal value of this cbrrbustion rate, adding to the conripensation value of the amount 
of fuel supply, and controlling the amount of fuel so that tiie amount of fuel supply Is Increased if tiie detected value Is 
less, and that the anriourt of fuel supply decreased if the detected value is greater. 

However, as the embodiment (3), it may be possible to ^cel Steps 8224 €uid 236-239 in Fig. 26 to execute Step 



33 



2004 12/06 MON 19:58 FAX 0565 26 1307 ->^-» KENYON (D. C) 



(2)035/065 



EP 0 810 362 A2 

and the target crank angle (CRA) at which the specified combustion ratio is reached is plotted along the vertical axis. 
For example, the target crank angle CRAo (Rx, bO at which the specified conrt)ustion ratio of 60%. 70%. or 80% is to 
be reached Is determined from the actual engine rpm (Rx) and the actual engine load (U) on the map. 

Rgure 11 shows a structural diagram of this invention as applied to a two-cycle engine. As with the four-cycle 

5 en^ne shown in Figure 1 . connecting rods 246 are connected to the crank shaft 241 . and at the other end, the combus- 
tion chambers 248 are formed In the space between the pistons and the cyHnder head. There is an engine RPM sensor 
267 and a crarik an^te sensor 257 attached to the crankcase which detect the marks on the ring gear attached to the 
crankshaft and Issue standard signals and detect the crank angle Also attached to the crankcase Is a crank chaniber 
pressure sensor 210. Air is conveyed Into this crank chamber from the air Intake manWbld through the reed valve 228. 

10 Air is Conveyed to the air intake manifold through the throttle valve 204 of the cartxjretor and the air cleaner 231 . An., 
intake pressure sensor 21 1 is mounted in the air intake manifold on the downstream side of the throttle valve. The throt- 
tie valve 204 is c<>erated by a grip 206 that is linked by a wire 205 to the throttle pull ey 203. This grip 206 is attached to 
the stewing h^dle tar^ 207, and an accelerator position setnsor 202 is mounted at its base. 21 2 Is a throttle aperture 
sensor. 

75 There is a scavenging port 229 In the cylinder which connects the combustion chamber and the crank chamber 30i • 
by means of the scavenging passage 253 when the piston is in certain positions. There are also exhaust ports 254 in 
the cylinder which connect to the exhaust passage 253. There is an exhaust timing adjustment valve 264 installed in 
the exhaust passage wall In the vicinity of the exhaust port. The variable valve 264 is driven by the actuator 265 of a 
servo motor, etc. There Is an exhaust pipe pressure sensor 213 and an exhaust pipe temperature sensor 223 mounted 

20 in the exhaust pipe that comprises the exhaust passage. Furthermore, the exhaust passage Is equipped wth an 
exhaust passage valve, which \& driven by the actuator 282 from a servo motor, etc. Thei function of the exhaust pas- 
sage valve is to improve the rotational stability by preventing blowby through the constriction during low speed opera- 
tions. 

A knocking sensor 201 is attached to the cylinder head, as are spark plugs and combustk>n chamber pressure sen- 
26 sors 200 which tie at the edge of the combustion chambers. The spark plugs are connected to an ignition control appa- 
ratus 256. The injectors 208 are attached to the cylinders* side walls. Fuel is conveyed to these Injectors 208 by means 
of the fuel delivery lines 209. 

Combustion gas chanrtoers 279 are formed in tfie cylinder block which are linked by connecting holes 278 to the 
middle area of the exhaust ports near ^e exhaust port opering for the cylinder bore and the cylinder head on the cyl- 

30 Inder block These connecting holes are set to guide the foregoing combustion gas, which contains almost no fcrfow-by 
gas, Into the foregoing combustion gas chambers. There are O2 sensors 27 attached to the inside of these con^ustion 
gas chambers that detect the oxygen concentration therein. In addition, check valves that are not shown are located at 
the entry to the combustion gas chambers and at the exit to the exhaust ports to prevent reverse flows in fliese areas. 
Thus, drive control of the engine is exercised by a contrd unit 257 having a CPU 271. The inputs connected to this 

35 control unit 257 include the foregoing combustion chancer pressure sensors 200. the knocking sensor 20 1 , the accel- 
erator position sensor 202. the crank chamber pressure sensor 21 0, the air Intake pipe pressure sensor21 1 , the throttle 
aperture sensor 212, the exhaust pipe pressure sensor 213, the crank angle detection sensor 258, the engine RPM 
sensor 267 and the O2 sensor 277. TTie output side of the control unit 257 Is connected to the Injectors 208, the actuator 
265 fw the exhaust timing adjustment valve, the actuator 282 for the exhaust valve, and to the oil supply device (not 

40 shown). 

Figure 1 2 is a graph of the combustion chamber pressure that shows the point of measurement of the pressure 
data to compute comtwstion rate for the foregoing 2 cycle engine, and this graph is similar to the one (Rgure 6) above 
for the four-cycle engine As described above, the combustion chaml>er pressure data sampling takes place at 6 crank 
angles. In the figure, the area Inside the A range is the crank angle range for which the exhaust port is open, and the B 

45 range Is that crank arigie range for which the scavenging port is open. The sampling methods at the various crank 
angles (aO to a6) and the metiiods of computati <xi of essentially tiie same as used for tiie four-cycle engine described . 
above. The embodiment of this invention could also have been adapted for engines employing a carburetor In the. air 
intake passage for siupplying fuel to the engine. 

As described above^ with the control methoif fCM* an engine off the invention, In detection of a transient condition. 

so while ignition timing Is corrected and advanced, as the best torque is obtained, a combustion condition which NO^ 
reduces is obtained; In this combustion condition, the actual combustion rate to a given crank angle Is detected, based 
on th^ detected value of this combustion rate to tiie goal value of the combustion rale, to add to tiie compensation value 
in ignition timing, and ignition timing is controlted. if the detected value is less, ignition timing is advanced, iand if tiie 
detected value is greater, ignition timing is delayed, whereby the present invenitiwi is directed to provkle to keep greater 

55 engine output, to improve the acceleration characteristic or the perfbmnaiice of einglne stall prevention In deceleration 
as well as the exhaust performance in a transient response. 

With the control method for an engine of the invention, in detection of a transient condition, while tiie amount of fuel 
supply is corrected and increased, as the best torque is obtained, a combustion condition which NOx reduces is 
obtained; in this combustion condition, the actual combustion rate to a given crank angle is detected, based on the 
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tion from a temperature sensor (26), exhaust temperature information from an exhaust twiperature sensor (120). oxy- 
gen concentration information from an oxygen concentration sensor (25), and remaining oil amount information from an 
oi! sensor (not shown). Those data tal<en in are stored In a memory (A). Engine load may be known as the accelerator 
position or throttle opening. Once the throttle opening and the engine revolution are determined, amount of Intake air In 
5 normal operating state may be determined, and therefore amount of Intake air detected directly may be regarded as the 
engine load. AHernatively. since Intake pipe negative pressure has a certain relaUonship with the throttle opening once 
the engine revolution is determined, the intake pipe negative pressure detected may be regarded as the engine load. 

Step S13: On or off state information Is taken in and stored In a memory B(1) for various switches; a kill switch (43), 
a main switch (hot shown), a starterniotor switch (not shown), etc. The Wll switch (43) is an emergency switch which.is. 
10 not employed in engines for land vehicles but in small marine^ngines for instance. 

Step S14: Operating state is determined from the sensor information taken in the step SI 2 and the switch Informa- 
tion taken In the step 813. Values con-espondlng to the operating states (1) through (6) are Input to variables (C) In the 
. merTiory. 

Operating state (1): In a constant throttle or moderate throttle operation state with medium to high revolution, with 
IS medium to high load, without rapid acceleration or deceleration, with the throttle opening not less than a specified value, 
with the engine revolution not less than a specified value, and with the throttle opening changing rate not more than a 
specified value, the operating state is determined as an MBT (Minimum Advance Ignition for Best Torque) control state, 
and a value 1 Is stored as the variable (C). 

Operating stale (2): When the throttle opening changing rate Is not less than a specified value, the operating state 
20 is determined as transient, and a value 2 is stored as the variat)le (C). 

Operating state (3) : When the throttle opening Is not more than a epeciffled value and the engine revolution is within 
a specified range, for instance 2000 rpm - 5000 rpm. the operating state is determined as a lean combustion control 
state, and a value 3 is stored as the variable (C). 

Operating state (4): When the engine is in an abnormal state such as the engine revolution being not less than a 
25 specified limit or over-revolution, the engine temperature being not less than a specified value or overheat, etc. the oper- 
ating state Is determined as an abnormal operating state, and a value 4 Is stored as the variable (0). 

Operating state (5): When the engine tenperature is not higher than a specified value and the starter switch is on, 
the (derating state is determined as a cold start state, and a value 5 is stored as the variable (C). 

When the main switch or kill switch is off. the operating state is determined as an engine stop request state, and a 
30 value 6 is Stored as the varlat)le(C). 

Operating condition (7): When tiie clutch is in the neutral position, or engine speed is below a given value, or the 
idle SW (tiirottle perfectly dosed SW) is on, It is decided that the engine is In an idle mode, and store 7 In the variable C. 

Operating condition (8): When tiie switch is on In an EGR control (part of exhaust gas Is rensirculated to the intake 
air system), it is decided tiiat the engine is in an EGR control mode, and store 8 in tiie variable C. 
35 Operating condition (9): When the engine temperature is above a given value and the starter switch is on. It is usu- 
ally decided that the engine Is In an engine start condition, and store 9 In the variable C. 

Operating condition A{1): if an abnormal pressure rise or an abnormal pressure transition In the combustion cham- 
ber prier to spark ignition is detected from the pressure data of tiie combustion chamber, it is decWed that tiie engine 
is in an engine start ooncfition, and store 10 in the variable C. 
40 Furtiiermore the number of repetition of the step 81 4 is checked witi^i ti^e same value of variable (C) and witii tiie 
flag P=1 unciianged. When the number exceeds a specified value (R), it is set to PsO. 
When changes are made with: 

Rc as 1 when C B 1 
45 Rc = 2whenCa2;and 
Rc-»3whenC»3, 

tiie result iSi 

so R^c=1 < Rfe=2 < R/c=3 

When the C value in the previous routine Is different from ttiat of the present time Jt is sei^ 
Step SI 5: A decision is made on whether to perform a mode operatbn or not; K tiie variable C is one of 4. 6, and 
9. tiien transfer to Step S20; othenvise, transfer to Step SI 6: 
55 St^ S1 6: Based on tiie value of the flag P, when P^O, a target combusticMi ratio corresponding to the engine rev- 
olution and load Is determined from tiie map data in the memory (con-esponding to those in FIG-S) and the result Is 
stored In the memory (D). A basic fuel injection start tin^ng artd a basic fuel injection amount are also determined from 
map data in the memory whidi are respectively similar to those in FIQ.6 fctatorial representation of values given as a 
function of tiie en^ne revolution and toad) and they are stored in the memories EX1). EX2j. and E'(3) respectively. 
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As is apparent from the above equations, qx is the sum of the products of predetermined wnstents b1 through bn 
multiplied by the pressure data pi through pn from which the standard pressure pO has been substracted. 

Similarly, pml is the sum of the products of predetermined constants c1 through cn multipUed by the pressure data 
o1 through pn from which the standard presure pO has been subslraded. , , „ 

; Here pO is the pressure in the combustion chamber when it reachesthe atmosphenc pressure level (for sample, 
near the BDC as described above), and it is substracted from the various pressures p1 through pn n order to correct 
the pressure for sensor drift P1 is the pressure in the combustion chamber at the crank angle a1 In the "ret period, 

P2 is a combustion chamber pressure at the crank angle a2 In the second period. P3 - Pn are those at the crank 

• analesaa- an (in this embodiment-, h = 5). -• - ' " , , x. J. 

10 Thus a sinplefirst-oider approximation equation can be used to compute, at a specific crank angleaften^^^^ 

an accurate value for the combusthsn rate writh is almost the same as the acutal value. Accordingly, by using this com- 
bustion .ate as the basis for the control of the engine's Ignftton timing or alr/luel ratio, itis possdDlenotonly to better 
energy efficiency from combustion, but to Improve response, and to prevent output fluctuations by accu«te'y tollowing 
the operating state of the engine when performing EGR control under lean bum engine operations. It Is further possible 

IS to prevert the generation of NOx emissions caused by the rapid advance of combustion. ^ ^ , 

With the regaid to the second computation method for the combustion rate, qx is computed using the heat gener- 
ated between two pressure measurement points (crank angles) the pressure difference AP between the two P^ssiire 
measurement points, the volume difference AV in the volume of the combusUon chamber, where P and V are the first 
Of the two pressure values and combustion chamber volume values that were measured. A Is the heat equivalent. K is 

20 the specmc heat ratto, R Is the average gas. constant, and PO is the pressure at BDC: 

Heat generation: Qx = ^ x ( ^ x Ap x AV + K x (P-PO)) 
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The specific pressure measurement point up to where the corrtxistlon rate Is measured should be selerted as the 
crank angle where combustion is nearly complete. Similarly, a crank angle near the pomt of ignition would ^so be 
selected as a pressure measurement point The calculation of the foregoing amount of heat generation Cb( » P«^rmed 
by summino the values determined for each of the pressure measurement points, and with regard to the interval 
between the Initial pressure measurement pointto thespecif led pressure measurement point (the ^ecHlc crank angle). 
Then the combusUon rate is determined by suttwning fW the toregolng Qx and then dividing; to wit 
Combustton rate: 

ox = the amount of combustion heat up tp tfie desired crank angle / all of the heat X 100 (%) 
- (Q1 + Q2 -h ... + Qx) / (Q1 + 02 + ... + Qn) X 100 

The above computation can be used to measure the combustion chamber pressure at a plurality of specific aank 
angles (at the step S1 12 of Rg.3). and baaed upon that data, the combustion rate up to the desired cranl<angle can be 
acojrately computed (at the step S201 of Rg.31). Then, by using this combustion rate for engine control; It Is possible 
40 to obtain stabls output and engine RPM, . 

Step S1 7' Using the intake air tenperature information and intake pipe negative pressure information, oompensa- 
tion calculation of the fuel iniection amount is carried out. mat is to say. when the intake air temperahiro increases, ttJe 
air densfty decreases and the substantial air flow rate decreases. This results in the decrease in the air to fuel ratto. 
Therefore, compensation amount for reducing fuel injection amount has to be calculated. 

Step SI 8- Ba^c fuel injection is started according to the engine ioad and engine revolution. The basic fuel injection 
amount and the basic Ignition timing are determined in the step S16 and stored in the memory E(i). Based on these 
data the fuel injection compensation amount and the ignition timing compensalkm anfK)unt are determined according 
to the compensation amount determined in the step 817 and information stored in the memory A®, arid added to the 
basic values to deterntine the control amounts. As the control amounts, the ignition start timing is the value In the mem- 
ory E(1^ and the ignition period Is the value in the menrK)ry E(2). When P=1 . the Injection start timing and the Injection 
eiKl timing are stored in F(3) and F(4) respectively. When P«0. the injection start timing and the Injection end timing are 
stor^ in E(3) and E(4) respectively. , ^ xL . 

This is input to the memory E(l). In a similar manner, control amounts for the sen^omotor groip and the solenoid 
valve group are calculated according to the information stored in the nnemory AQ and stored in the memory G© . 
55 Step S19: Actuators such as servomotor group and solenoid valve are driven and controlled according to the con- 
trol arhountsfri the memory Q©. ^ _ ^ ^ . 

Step S20: Whettier an engine stop request 1st present is determined. If present the process goes to the st^ S21 . 
If not, the process goes to the step S22. 

Step S21 : Values of the memory E(i). where i = 1 - 4, are set to zero as stop data. 
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Switch S293: Execulo the ignition tinfiing control routine, and move to the switch 3294. 
Switdi 8294: Store the conrection value of the ignition timing, and return. 
In this cold starting control, some of the controls ®-@ and A(3) are executed as follows: 
First, in the cold start control 0, an exhaust gas cleaning catalyzer is disposed In the exhaust passage thereof. 
5 taWng, as a target value, a combustion rate at at least one crank angle between the latter period of combustion and the 
termination of combustion in a combustion state capable of elevating the exhaust temperature in cold starting while, 
restraining the Increase of HC and the fluctuation of engine output, the combustion rate in the actual combustion at said 
target crank angle is detected, and the ignition timing is advanced when the detected combustion rate is smaller than . 
the target value while the Ignition timing is retarded when the detected combustion rate is larger ttiat the target value sp^, . 
10 thiat the detected comixjstiqn rate may reaches said target value. . . 

In the cold start control ©. an exhaust gas cleaning catalyzer is disposed in the exhaust passage thereof, a corn- 
bustion state is obtained in which a stable combusllon corresponding to at least one of the engine load and the engine 
. speed is obtained, the.combustlon rate value at a predetermined crank angle in the combustion state above is he 

the memory as the map data of the first target combustion rate value which corresponds to at least one of the engine . 
75 load and the engine ^peed. the combustion rate value at a predetermined crank angle in cold starting whk;h is the start- 
ing state white the engine temperature is low is held in the memory as the map data Qf the second target combustion 
rate value which corresponds to at least one of the engine load and the engine speed and is smaller than the first target 
combustion rate valu6, while, the ignition timing is controlled on the basis of the comparison of the detected value of the 
actual combustion rale until said predetermined crank anige with the second target combustion rate In case of cold 
80 starting and with the first target combustion rate in other cases so that it is advanced when said detected value is 
smaller while it Is retarded when the detected value is larger. 

In the cold start control ®, an esdiaust gas cleanirig catalyzer is disposed in the exhaust passage thereof, in the 
ignition tinvng control wHh which a conribustiori state is obtained in which a &tat)le combustion conresponding to at least 
one of the engine load and the engine speed is obtained, the comtxjstion rate value at a predetermined crank angle in 
2$ the combustion state above is held in the memory as the map data of the target combustion rate value which conre- 
sponds to at least one of the engine load and the engine speed, the actual combustion rate until, said predetermined 
crank angle Is detected, and, on the basts of the comparison of this comt>u&tion rate with the target combustion rate, 
the ignrfion timing is advanced when said detected value is smaller while the ignition timing is retarded when the 
detected value is larger; in case of cold starting whk:h is the starting state, while the engine temperature is low. a value 
30 obtained by substracting a predeterntined vaKie from the target combustion rate value based on the map data is used 
as the target combustion rate value for comparison with said dete^eiJ combu^iori rate. 

in the cold start control <3). In any of the cold start controls ® , @, ® or <g) (below), the actual combustion rate 
until said predetermined crank angle is calculated on the basis of combustion pressure data detected at at least four 
• crank angles including the crank angle between the exhaust stroke termination and the compression stroke starting, tiie 
35 crank angle between the compression stroke starting and ignition, and two crank angles in the period from ignition start- 
ing and exhaust stroke, and these actual combustion rates are calculated on the basis of conttjustion pressure data. 

In the cold start control ® . an exhaust cleaning catalyzer Is disposed In the exhaust passage thereof, taking, as a 
target value, a crank angle at at least one combustion rate between the latter period of combustion and the termination 
of combuGtton in a combustion state capable of elevating the exhaust temperature in cold starting while restraining the 
40 Increase of HC and the fluctuation of engine output, the crank angle in the actual connbustion at saki target combustion 
rate is ducted, and the ignition timing is advanced when the detected crank angle is retarded from tiie target value 
while the ignition timing is retarded when the detected conibustion rate Is advanced so that the detected crank ^ngle 
may reach said target vaiua 

In tiie cold start control ©, an exhaust gas cleaning catalyzer is cfisposed In the exhaust passage thereof, a com- 
46 bustion state is obt^ned in which a staWe combustion corresponding to at lea^ one of the ©igine load and the engine 
speed is obtained, the crank angle for reaching the predetermined combustion rate in the combustion state above is 
. held in the memory as the map data of the first target crank angle value which corresponds to at least one of the engine 
. load and the engine speed, the crank angle for reaching the predetermined combustton rate in cold starting which is the - 
starting state while the engine temperature Is low Is hekl in the memory as the map data of the second crank arigle 
50 value which con-esponds to at least one of the engine load and the engine speed and is retarded from the first target . 
crank angle value, whQe, the Ignition timing Is controlled on tine basis of the comparison of the detected value of the 
actual crank angle required until said predetermined combustion rate is reachied with the second target crank angle in 
. case of cokJ starting and with the first target crank angle in other cases so that it is advanced when said detected value 
is retarded while it is retarded when the detected value is advanced. 
55 . . In the cold start control (Z», an exhaust gas cleaning catalyzer Is disposed In the exhaust passage thereof. In the 
ignition timing control with wNdi a combustion state Is c&talned in which a stable combustion corresponding to at least 
•one of tiie engine load and the engine spe&i is obtained, the crank angle value at which the predetermined combustion 
rate in ttie combustion state above is readied is held in the memory as the map data of the target crank. angle whiioh 
coresponds to at least one of the engine losd and the engine speed, the actual crank angle until said predetermined 
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exhaust temperature is high, the catalyzer can be activated earlier, and HC and black smoke in the exhaust gas can be 
reduced 

Flg,15 is a graph showing the relation between the crank angle and the exhaust of HC and NO^ at the predeter- 
mined combustion rate. Fig.16 is a graph showing the crank angle and output fluctuation at the predetermined combus- 
5 tion rate. For example, when the predetermined combustion rate FMBy is 70%, the crank angle is 60^ ATDC, 
discharge of HC and NOx Is littJe. and also output fluctuation is small. 

i^gure 36 Is a graph of the combustion chamber pressure that shows the point of measurement of the pressure 
data to compute combustoi rate for the foregoing 2 cyde engine, and this graph is similar to the one (Rgure 6) above 
for the four-cycle engine. -As described above, the combustion chamber, pressure data sampling takes place at 6 crank , 
70 angies. In the figure, the area inside the A range is the crank angle range .for .which the exhaust port is open, and the B . 
range is that crank angle range for which the scavenging port is open. The sanpling methods in the step S1 13 of Fig.3 
at the various ciank angles (aO to a5) and the methods of computation of essentially the same as used for the four-cycle 
engine described above. . , 

The embodiments of this invention could also have been adapted for engines employing a carburetor In the air 
IS Intakepassagefor supplying fuel to the engine. 

As described above, with the control method for an engine of the invention, in cold starting, by advancing or retard- 
ing the ignition timing while restraining HC increase and output fluctuation so that the target combustion rate may be 
obtained at the predetermined crank angle between the corhbustion latter period and its termination highly related with 
the combustion stale capable of raising the exhaust temperature, con^ustion In cokJ starting is stabilized and the cat- 
20 alyzer is rapidly activated. . 

According to tfie control method tiie exhaust gas is cleaned by the catalyzer, the actual combustion rate untn the 
predetermined crank angle is detected and this detected value is compared with the second target combustion rate in 
cokJ starting and with the first target combustion rate in other cases: by controlRng the ignition timing so that the Ignition 
timing Is advanced when the detected value is smaller and so that the Ignrtion timing is retarded when the detected 
25 value is larger, the combustion In cold starting Is stabilized while the exhaust temperature is rapidly raised after engine 
starting, tf\e catalyzer is rapdiy activated, and HC and black smoke in exhaust gas are reduced. 

According to the engine control method the exhaust gas Is cleaned by the catalyzer, the actual combustion rate until 
the predet^mined crank angle is detected and this detected value is compared with the target combustion rate, and the 
ignition timing is advanced when the detected value is smaller while the ignition timing Is retarded when the detected 
30 . value is larger. However, in cold starting wherein the engine tenperature is low, a value obtained by substracting a pre- 
delermihed value from the target con^stion rate value based on the n^p data is conpared as the target combustion 
rate for canparison with the detected combustion rate, thus, combustion In cold starting is stabiUzed while the exhaust 
temperature is rapWIy raised, the catalyzer is rapidly activated after engine starting, and HC and black smoke In the 
exhaust gas are reduced. , 
35 According to the engine control method, the actual combustion rate until, the predetermined crank angle is calcu- 
lated on the basis of four combustion pressure data detected at at least four crank angles, and the ignition timing Is 
properly ooritroiled. ^, . 

Accord&ig tothe engine control method In cold starting, by advancing or retarding the igniton timing while restrain- 
ing HC increase and output fluctuation so that the target crank angle nriay be obtained at the predetemiined combustion 
40 rate between the combustion latter period and its temriination highly related with the combustion state capable of raising 
the exiTausttemperatjre. combustion in cold starting is stabilized and the catalyzer is rapidly activated. 

According to the engine control method, the exhaust gas is clejaned by the catalyzer, the actual crank angle until 
the predetermined con^ustion rate is reached Is detected, this crank angle detected value is compared with the second 
tai^et crank angle in cold starting, and with the first crank angle in other cases, and. by controlling the ignition timing so 
45 that the Ignrtion tinting is advanced when the detected value is retarded and so that the Ignition timing is retarded when 
the detected value is advanced, while stabilizing starting combustion in cold starting, the exhaust temperature is raised 
earU er after starting; tiie catalyzer is activated earlier, and the amounts of HC and black smoke are reduced. ^ 

According to the engine control method, exhaust gas is cleaned by catalyzer, tfie actual crank angle until said pre- 
determined corrtoustion mte Is ireached is detected, and, on the basis of the comparison of this crank angle with the 
60 target crank angle, the ignition timing is advahced when the detected value Is retarded while the Ignition timing Is 
retarded when the detected value Is advanced; In case of cold starting which is the starting state while tiie engine tem- 
perature is low, a value obtained by substracting a predeterniined value from the target crank angle value based on tiie 
map data is used as the target crank angle value fbr comparison writh saki detected combustion rale, and, since the igni- 
tion timing is properly controlled, combustion in cdld starting is slabiKzed. exhaust gacS temperature after engine starting 
55 Is raised earlier, the catalyzer Is activated earlier and HC and Wack srnoke in tiie exhaust gas can be reduced. 

According to tiie engine control metiiod, tine actual crank angle v^ere the predetermined combustion rate is 
reached is calculated on the basis of combustion pressure data detected at four crank angles so that Ignition timing is 
properly oontrdlled. 

According to the engine control method, when controlling a diesel engine, tine exhaust gas is cleaned by a cata- 
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Furthermore, the number of repetition of the step S1 4 is checked with the same value of variable (C) and with the 
flag P«1 uTwhanged/When the number exceeds a specified value (R). it is set to P=0. 
When changes are made with: 

5 Rc = 1 when C t= 1 

Rc 2 when C es 2, and 

Rc = 3 when C = 3, < . 

theresultiB, • _ 

R/c=1 < R/c=2 < R/CkS 

When the C value in the previous routine is different from that of the present time, it is set to PsO. 
Step S15: A decision is made on whether to perfomi a mode operation or not; if the variable C ie one of 4. 6, and 
16 9, then transier to Step S20; otherwise, transfer to Step S1 6. 

Step SI 6: Based on the value of the flag P, when P=0. a target combustion ratio corresponding to the engine rev- 
olution and load is determined from the map data in the memory (corresponding to those in F1Q.5) and the result is 
stored In the memory (D). A basic fuel injection start timing and a basic fuel Injection amount are also determined from 
a map data in the memory which are respectively simUar to those In FIQ.6 (pictorial representation of values given as a 
so function of the engine revotu^n and load) and they are stored in the memories £'(1). E*(2}, and E'(d) respectively. 

Even If PsO, If the variable C is 5, find out a target tMjrnlng rate according to the target burning rate map for cold 
start, and store the value in frie memory D; if P=1 , transfer to Step SI 7 without any action. 

The combustion rate is defined as the rate of combustton of the fuel burned in one combustion cycle up to a certain 
crank angle. With regard to computing this comixjstion rate, one method is to used the combustion chamber pressure 
2$ data that was taken at a plurality of points during one comtMJstion cycle and use a first-order approximation equation; 
the other method would be to determine the combustion rate up to the desired crank angle (for example, top dead 
center) computing heat production using samplings of the combustion pressure and a thermodynamic equation. Both 
methods ^eld computed results that very closely approximate the real values. In this case, the combustion pressure 
data would be detected at a crank angle between the end of the exhaust stroke and the beginning of the compression 
30 stroke, at a crank angle at top dead center or a crank angle near top dead center, and at crank angles after tc^ dead 
center and before the beginning of the exhaust stroke. That is in the four-cycle engine, as shown In figure 6. the preis- 
sure In the combustion, chamber decreases to approach the atmospheric pressure as exhaust gas in the combustion 
chamber Is discharged during the exhaust stroke as the piston moves from the bottom dead center after expansion to 
the top dead center. During the intake stroke after the piston passes the top dead center, the pressure is maintained 
35 almost at the atmospheric, and graAjally increases at the compression stroke after the piston passes the bottom dead 
center, and starting after tiie exhaust vaJve 1 7 is closed at the end of the exhaust stroke. A pressure in the combustion 
chamber at a time point within the period of time when the pressure is low and near the atmospheric is detected. In fig- 
ure 6, BDC is chosen as the crank anige aO. howerer, if it Is the beginning of the compression stroke^ any angle after 
BDC can be chosen. Also, a crank angle before BDC can be chosen as the aank angle aO. In the two-cyde engine on 
40 the other hand, as shown in figure 12, the pressure decreases as the piston moves downward after combustion. When 
the exhaust port is uncovered, the pressure decreases further. When the scavenging port is uncovered, the pressure 
approaches the atmospheric as the fresh charge is introduced. As tiie piston moves upward, with the exhaust port 
open, from the bottom dead center to cover the scavenging port and then to cover the exhaust port, the pressure 
increases gradually Thus, the phrase "period of time from tiie exhaust stroke end to tiie early stage of the conpression 
45 stroke" refere to the period of time from the intake start to the compression ^art when the scavenging port is uncovered 
under the condition of tiie exhaust port uncovered after the start of the exhaust stroke. In figure 1 2. BDC is chosen as : 
the cfenk angle aO.'- 

Spark ignition occurs befbre or after the top dead center after cornpresston. (Spark ignition begins at the crank 
angle Indicated with an arrow and a letter 8 in FiGs. 6 and 140 Combustion starts with a litUe delay from tiie start of the 
. so sparking. The term ignition start used in the clalnns refers to tiie Instant of the start of combustion mentioned above. In 
other words, pressure In the combustion chamber is delected at a crank angle within tiie second period between the 
compression stroke start ard the ignition-combustion start (at the angle a1 in lx)th FIGs. 6 and 1 4). After that, pressure 
in tiie combustion chamber is detected at two cr^uik angles On FiOs. 6 and 14 for instance, at crank angles a2 and a3, 
or a2 and a4, or a3 and a4, or a2 and a5, or a3 and a5, or a4 and a5) within tiie tiiird period between the ignition start 
55 (ignition combustion start] and the exhaust stroke start within the combustion stroke. One of the two crank angles within 
that period Is preferably before the crank angle at which the combustion pressure reaches the masdmum. Furthermore, 
v^en the pressures in the combustion chamber are detected at least at tour crank angle points as referred to in claims, 
for instemce at five or more crank angle points, the number of the pressure measurement crank angle points in the first 
' or second period may be increased. Also preferably as shown in FIGs, 6 and. 1 4. the pressure may be detected at three 
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* tion calculation of the fuel injection amount is carried out. That is to say. when the intake air temperature increases, the 
air density decreases and the substantial air flow rate decreases. This results In the decrease In the air to fuel ratio. 
Therefore, compensation amount for reducing fuel injection amount has to be calculated. 

St^ 818: Basic fuel injection is started according to frie engine load and engine revolution. The basic fuel injection 
5 amount and the basic ignition timing are determined in the step SIS and stored in the memory EXO- Based on these 
data the fuel Injection compensation amount and the Ignition timir^ compensation amount are determined according 
to the compensation amount determined. in the step S17 and Information stored In the memory A(l), and added to the 
basic values to determine the control amounts. As the control amounts, the Ignition start timing le the value In the mem- 

ory and the Ignition period is the value 4n the memory E(2)- When Psi, theinjectlon.stari timing and the.lnjection 

10 end timing are stored in F(3) and F(4) respectively. When PaO, the injection start timing and the injection end timing are 
stored in E(3) and E(4) respectively. . «^ 

This Is input to the memory E(1). In a similar manner, control amounts for the servonrotor group and the solenoid 
valve group are calculated according to the Information stored In the memory A© and stored In the memory G(i) 

Step 819: Actuators such a servomotor group and solenoid valve are driven and controlled according to the control 
15 amounts in the memory G(1). 

Step 820: Whether an engine stop request is present is determined. If present, the process goes to the step S21 . 
If not. the process goes to the step 822. 

Step S21 : Values of the memory E(1), where 1 = 1-4, are set to zero as stop data. 
Step 822: An eigine start Is checked. If yes, the step goes to the step 823. If not, it goes to the step 826. 
20 Step 823: Data stored in advance in the memory for the start are set to the memory F(i). 
Step 824: Starter motor Is actuated. 

Step 825: This is the case in which the variable C is 4, and the data corresponding to the abnormal phenomaia 
are set, for ^cample, miss fire data if over-revolution happens, or data used for increasing fuel injection while choking 
throttle opening if overheat occurs. 
25 Next, ttie intenxjpt routine (1) shown in FIO.3 will be descrbed. This interrupt routine (1) Is executed by Interrupting 
the main routine when a specified crank angle signal is input. 

Step 81 1 1 : A timer is set to perform inlenvption routine (1) at every specified crank angle, namely to perform the 
'-^ rruption at the next crank angle. 

Step 8112: The data at a crank angle at which an inten-uption occured is taken into the memory. 
Step 8113: When the data at every crank angi e at which an intermptlon occured Is taken into the memory, the P«^c- 



ess goes to the step 81 14. ^ 

Step 81 14-8115: See if C = 10 or not. If so, it Is decided that the engine is in a state of abnormal burning, perform 
an abnonnai burning prevention routine at Step S1 1 5 and return. 

Step 81 16: See if C = 2 or not and decide whether the engine is in a slate of transient; if so, perform a transient 
35 control routine at Step 81 16a to con-ect ignition timing and A/F. and return; otiienwise, transfer to Step S1 17, 

Step 81 17: See If C = 5 or not and decide whether the engine Is in a state of cold start; if so, perform a cold start 
control routine at Step S1 1 7a to conrect Ignition timing and return; othenwise. transfer to Step 81 1 8. 

Step 81 18: See if C » 8 or not and decide whetiier the engine is in a state of an EGR control rrwde; if so, perform 
an EGR control routine at Step 81 1 8 to correct the EGR rate and Ignition timing, and return; othemvise, transfer to Step 

S119. ..... ^ x 

Step 81 1 9: See If C ^ 3 or not and decide whether the engine is m a state of a lean burning mode; if so. perform a 
lean burning conUol routine at Step SI 19a to con-ect the A/F and ignition timing, and return; olhenwise. transfer to Step 
8120. 

8t^ S120: See if C = 7 or not and decide whetiner the engine Is in a state of an Idling mode; If so, perform an idling 
4s control routine at Step S1 20a to correct the A/F and ignition timing, and return; otherwnse, perform a MET cotitroi rou- 
tine at Step SI 21 to correct ignition timing and return. 

Now, an interrupt routine (2) will be described. This intemipt routine (2) is perfomied by interruption when a refer- 
ence crank signal is input 

Step SI 21 : This inten-iipt routine (2) is executed once at aspedf led crank angle of the engine revolution, and there- 
60 fore measures a period. 

Step 81 22: Engine revolution Is calculated. 

Step S123: The ignition start timing, ignition end timing, injection start timing, and injection end timing are set to the 
timer according to the control data of the memory F(i). where i « 1^. The timer actuates the ignition device and tiie 
IrTjection device at the preset timinga 
55 Next, calculation of ttie target combustion ratio mentioned In reference to FIGs. 2 and 3 will be described in detail. 
Fig. 5 Is a map drawing for determining the reference combustion ratio or the critical combustion ratio correspond- 
ing to engine revolution and load. The reference combustion ratio during tiie normal combustion up to tiie prescribed 
crank angle, for example, the top dead center (TDC). or the critical combustion ratio corresponding to the sign of an 
abnonnai combustion wWch is larger tiian tiie reference cbrribustion ratio during the normal combustion is determined 
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bustion ratio value, the fuel supplied to the engine per combustion cycle is increased exceeding the amount of fuel sup« 
ply corresponding to engine toad. 

Thus, the actual combustion ratio up to the prescribed crank angle Is detected and, when this combustion ratio is 
larger than the reference combustion ratio based on the comparison between the detected value of this combustion 
5 latio and the reference combustion ratio value, the fuel supplied to the engine per combustion cycle is increased 
exceeding the amount of fuel supply conrespondlng to engine load, and fuel cooling Is performed only when the sign of 
preignitlon la detected; therefore, there Is no waste of fuel, fud consumption is good, and the emission of exhaust gas 
Is smaa. Also, since the sign of prelgnition can be detected, it is possible to minimize engine damage and prevent 
preignitlon; namely, inflammation before ignition due to.therisejof cylinder.temperalure.. Further, knocking can be coor,, 
10 trolled by performing fuel cooling in anticipation of the rise in cyfirder temperature, .i..^ 

Also, in the case of abnormal combustion prevention control (2). responsive to engine Toad more fuel per combus- 
tion cycle Is supplied to the engine as engine load increased, and combustion ratio values at prescribed crank angles 
at which the norn^l cc»Tibustion Is attained are retained In a memory as a map data of reference combustion ratio val- 
ues corresponding to load or engine revolution, or at least corresponding to load; on the other hand, the actual combus- 
ts tion ratio up to said prescribed crank angle is detected, and. when this combustton ratio Is larger than the reference 
combustion ratio and tiie difference exceeds frie prescribed amount based on the comparison between the detected 
value of this combustion ratio and the reference combustion ratio value, the fuel supplied to the engine per combustion 
cycle Is Increased exceeding the amount of fuel supply corresponding to engine load. 

Thus, the actual combustion ratio up to the prescribed crank angle Is detected and, when this combustion ratio is 
20 larger than the reference combustion ratio and tiie difference exceeds tiie prescribed amount based on the comparison 
between the detected value of this combustion ratio and the reference combustion ratio value, the fuel si43plied to the 
engine per con±>ustion cycle Is increased exceeding the amount of fuel corresponding to engine load, and fuel cooling 
is performed only when the sign of preignition is detected; therefore, there is no waste of fuel, fuel consumption is good, 
and the emission of exhaust gas Is small. Also, since the sign of preignition can be detected, It Is possible to minimize 
25 engine damage and prevent prelgr«ions, namely, inflammation before Ignition due to the rise in cylinder temperature. 
Further, knocking can be controlled by pertarming fuel cooling in anticipation of the rise in cylirtder temperature. 

Also, in the case of abnormal combustion prevention control (3). responsive to the difference of said detected com- 
bustion ratio and saW reference combustion ratio the fuel per combustion cyde Is increased more as the difference is 
larger, 

30 Thus, more fuel is supplied according to the difference between the detected combustion ratio ana the reference 
combustion ratio and as the difference Is larger fuel cooling Is performed effectively only when the sign of preignition Is 
d^ected, there is no waste of fuel, fuel consumption is good, and the emission of exhaust gas is small. 

Also, in the case of abnormal combustion prevention control (4). either the 6toi:ping of combustion or the stopping 
of fuel supply is executed when the difference of sakj detected combustion ratio and said reference combustion ratio 

ss does not decrease or the difference does not decrease below the prescribed amount even by executing the increase in 
said amount of fuel supply. . . ^ 

Thus, detecting the sign of preignition. fuel cooling Is performed by increasing the amount of fuel supply, but when 
fuel cooling is not effective, tiie stopping of combustion or the stopping of fuel supply is executed so as to stop the 
engine and prevent engine damiage. and preignition if occured Is recognized In <^ration; ttierefore, the engine's rella- 

40 bilityislncr^sed. ... , \ 

Also, in the case of abnormal combustion prevention control (5), responsive to engme toad more fuel per combus- 
tion cycle is sipplied to tiie engine as engine load increases, and crank angle values reaching the prescribed comtMJS- 
tion ratio at which the normal combustion Is attained are retained in a memory as a map data of reference crank angle 
values corresponding to load or engine revolution, or at least con-esponding to load; on the other hand, the actual crank 

45 angle up to said prescribeicl combustion ratio value is detected, and, when tills crank angle is ahead of tiie reference 
crank angle based on the comparison between the detected value of this crank angle and the reference crank angle 
value, the fuel supplied to tiie engine per conibustion cycle is increased exceeding the mwunt of fuel supply corre-. 
spending to engine load. 

Thus, the actual a^nk angle lip to the prescribed combustion ratio.value is delected, and. when this crank angle is 
60 ahead of the reference aank angle based on the comparison between tine detected value of this crank angle and the 
reference crank angle value, the fuel supplied to the engine per combustion cycle Is Increased exceeding the amount 
of fuel supply corresponding to engine load, and fuel cooling is performed only when tfie sign of preignitk>n is detected; 
therefore, there Is no w^e of fuel, fuel cohsumptk>n is good, and the eniisision of exhaust gas is small. Also, since the 
sign of preignition can be detected, it is possible to minimize engine damage and pr&^ent preignrtions, riamely, inflam: 
65 matioh before Ignition due to the rise In cylirttJer tenperatuVe. Furtheri knocking can be controlled by performing 1u0 
cooOng In anticipation of the rise In cyfinder temperature. 

Also, In the case of abnomial combustion prevention control (6), re^onsive to engine toad more fuel per combus- 
tion (^de is supplied to the engine as engine load increases, and crank angle values reacWng the prescribed combus- 
tion ratio at which the normal corrtbustion Is attained are retained in a menrwry as a map data of reference crank angle 
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is delernnined from the actual engine rpm (Rx) and the actual engine load (Lx) on the map. 

Rgure 11 shews a structural diagram of this invention as applied to a two-cycle engine. As with the four-cycle 
engine shown In Rgure 1 , connecting rods 245 are connected to the crank shaft 241 , and at the other end, the combus- 
tion chambers 248 are formed in the space between the pistons and the cylirKier head. There Is an engine RPM sensor 

5 267 and a crank angle sensor 257 attached to the crankcase which detect the marks on the ring gear attached to the 
crankshaft and issue standard signals and detect the crank angle. Also attached to the crankcase Is a crank chamber 
. ■ pressure sensor 21 0. Air is conveyed into this crank chamber from the air intake manifold through the reed valve 226. 
Air is conveyed to the air Intake manifold through the throttle valve 204 of the carburetor and the air cleaner 231. An 

Intake pressure sensor 2 11 ismountedintheair intake manifold on the downstream side. of the throf^ . 

10 tie valve 204 Is operated by a grip 206 that is Onked by a v^re 205 to the throttle pulley 203. 

This grip 206 ts attached to the steering handle bars 207, and an accelerator position sensor 202 is mounted at its 
base. 21 2 is a throttle aperture sensor. 

There is a scavenging port 229 in the cylinder which connects the combustion chamber and the crank chambo- 301 
by means of the scavenging passage 253 when the piston is in certain positions. There are also exhaust ports 254 in . 

IS the cylinder which connect to the exhaust passage 253. There is an exhaust timing adjustment valve 264 installed In 
the exhaust passage wall in the vidnity of the exhaust port. The variable vaK/e 284 is driven by the actuator 265 of a 
servo motor, etc. There is an exhaust pipe pressure sensor 213 and an exhaust pipe temperature sensor 223 mounted 
In the exhaust pipe that comprises the exhaust passage. Furthermore, the exhaust passage Is equipped with an 
exhaust passage valve, which Is driven by the actuator 282 from a servo motor, etc. The function of the exhaust pas- 

20 sage valve is to improve the rotational stability by preventing blowby through the constriction during low speed opera- 
tions. 

A knocking sensor 201 is attached to the cyQnder head, as are ispark plugs and combustion chamber pressure sen- 
sors 200 which lie at the edge of the combustion charnbers. The spark plugs are connected to an ignition control appa* 
ratus 256. The injectors 206 are attached to the cylinders' side walls. Fuel is conveyed to these Injectors 208-by means 

25 of the fuel delivery lines 209. 

Combustion gas chambers 279 are formed In the cylinder block which are linked by connecting holes 278 to the 
middle area of the exhaust ports near the exhaust port opening for the cylinder bore and the cylinder head on the cyl- 
inder block. These connecting holes are set to guide the foregoing combustion gas. which contains almost no blow-by 
gas, into the foregoing combustion gas chambers. There are sensors 27 attached to the inside of these combustion 

30 gas chambers that detect the oxygen concentration therein, in addition, check valves that €ure not shown are located at 
the entry to the combust'on gas chambers and at the exit to the exhaust ports to prevent reverse flows in these areas. 

Thus, drive control of the engine is exercised by a control unit 257 having a CPU 271 . The inputs connected to this 
control unit 257 include the foregoing combustion chamber pressure sensors 200, the knocking sensor 201 , the accel- 
erator position sensor 202, the crank chamber pressure sensor 21 0. the air intake pipe pressure sensor 21 1 , the throttle 

35 aperture sensor 212, the exhaust pipe pressure sensor 213, the crank angle detection sensor 258, the engine RPM 
sensor 267 and the 62 sensor 277. The output side of the control unit 257 is connected to the Injectors 208. the actuator 
265 for the exhaust timing adjustment valve» the actuator 282 16r the exhaust valve, and to the oil supply device (not 
shown). 

Rgure 12 Is a gr^h of the combustion chamber pressure that shows the point of measurement of the pressure 

40 data to compute combustion rate for the foregoing 2 cycle engine, and this gr^h is similar to the one (Rgure 6) above 
for the four-cycle englna As describe above, the comlxistion chamber pressure data sanipling takes place at 6 crank 
angles. In the figure, the area inskJe tiie A range is the crank angle range for which the achaust port is open, and the 5 
range is that crank angle range for wNch the scavenglr^ port Is open. The sanrpling methods at the various crank 
angles (aO to a5) and the methods of cornputation of essentially the same as used fbr ^e fbur-cycle engine described 

45 above. The emtxxiiments of this Invention could also have been adapted for engines enploying a caitxiretor in the af r . 
intake passage for supplying fuel to the engine. 

As described above, vwth the control method for an engine of the invention, con^ustion ratio values at prescribed 
crank angles at which the normal combustion is attained are retained in a memory as a map data of reference combus- 
tion ratk> values corresponding to k>ad or engine revolutton, or at least corresponcfing to load; on the other hand, the 

50, actual combustion ratio up to saki prescribed crank angle is detected* and, virhen this combustion ratio Is larger than th e . 
reference combustion raHo based on the comparisbn between the detected value of this combustion ratio and the ref- 
erence oomkxistion ratio value, the fuel supplied to the engine per combustion cycfe is increased exceeding In the 
amourit of fuel supply corresporKiing to engine load and fuel cooling is performed only virhen the sign of preighitipn is . 
detected; therefore, there is no vvaste of fuel, fuel consumption is good» and the emistion of exhaust gas is small. Also. 

65 . Since thesighofpreignltioncanbe detected, it is posslbletomirtinrii^ namely, 
Inflammation before Ignition due to the rise in cylinder temperature. Fur^eri knocking can be controlled by perfbrmlng 
. fuel cooling In Eunticlpation of the rise In cylinder temperature. 

According to the engine control method of the invention, corr^ustion ratio values at prescrbed crank angles at 
which the normal con^stion is attained are reta^lned in a memory as a map data of reference conrtostion ratio values 
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the crank angle same to the memorized angles or crank angles at combustion rates same to the memorized rates on 

basis of delected sampling pressures. 

If the practical combustion rate calculated at the lowest crank angle within the pre-given angles Is smaller than the 

memorized target of combustion rate at the same angte» then the ignition timing is advanced in ignited engines, or fuel 
5 spray starting timing Is advanced tn diese) engines. It is because at early crank angle, the combustion rate is influenced 

by fire starting timing rather than combustion speed. If the practical comtwstion at the same crank angle is larger than 

the target, each timing Is delayed. 

Also, if the practical crank angle (when the calculated combustion rate accords to the lowest combustion rate within 

the pre-given combustion rates) is delayed than the target crank angle, then the ignition timing is advanced, or fuel 
10 spray starting timing Is advariced in diesel engina If tiie practical combustion at tiie same crank angle is larger tiian tiie 

target, eadi timing is delayed. 

Tangent between two practical dale points or changing rate of conrtbustlon rate between two pre-glven crank angles 

is calculated. If the tangent of practical conr^bustion is snrtaller than the target tangent, then computer judges the com- 
bustion speed is smaller than hopeful one so as to control at least one device. 
75 Following are examples of the devices and the ways of controlling for increasing combustion speed. 

1; Fuel injector 

' 2. Variable main jet in a carburetor 

ao 

3. Exhaust gas recirculation system 

For examples, the system conrprlsing a bypass pipe between an exhaust conduit and an intake conduit, and a 
valve varied the opening posed in tiie way of tiie bypass pipe 

Variable valve tinr^ng control device which can change closing timing of the exhaust valve or opening timing of 
26 the Intake valve in 4 cycle engine so as to change the time lengtii of the overlap of openings of botii valves. Overlap 
time Is shorten to decrease EGR gas anrK)unt. 

4. Tumble, swirl flow or remaining intake flow controlling devices in the combustion chamber. 

For exanrple, a crank chancer pressure controlling device in 2 cyde engines. A aossing area controlling valve 
30 of an intake pi3rt at tiie part up-stream and near to the intake vah/e in 4 cycle engines. 

5. Compression ratio varying system 

For example, the system having a de-compression hole at the cylinder wall, a bypass conduit connecting the 
hole with atmosphere directiy or through an exhaust conduit, and an on-off vatve posed in the way of the bypass 
35 conduit 

6. Supercharging system 

In the devices of 1 and 2, fuel amount is increased. 
In the device of 3, amount of EGR gas amount is decreased. 
40 In the device of 4, some of them is strengtiien. 

in the device of 5. conpression ratio is increased by closing the on-off valva 
In the devk^e of 6, supercharged intake amount is increased. 

If the computer has furtiier a set of dates as table 1 , the computer to comparison between the practical combustion 
45 rate twice, or at an advanced crank angle and a delayed crank angle so as to control the fire starting timing (Ignition 
timing in gasoline engines or injection starting timing in diesel engine) or combustion speed! 

The result of thus control, practical combustion approaches to ideal or targeted combustion. In the idea! combustion, 
the engine obtains high performance, or stable idling, or easy engine start witiiout stalling, or quick acceleration, or sta- 
ble deceleration without stallHig, or abnormal free burning witiiout knoddng eta under each engine operating condi- 
. eo tions. 

the conditions with respect to tiie patterns of tat^e 1 are shown in figures 45-47. 
. Corrtoustions of patterns 1-3 are started. at early timing. 
Ck>mbustbn of pattern 3 has a high combustion speed. 

Combustion of pattern 1 has a lowest combustion speed within these three patterns. . 
55 Combustion of pattern 5 Is Ideal. 

Combustion of pattern 4 has a prcpBT burning start timing but higher combustion speed ttian target ona 
Combustion of pattern 6 has also the proper burning start timing but smaOer ^eed than tiie.target one. 
Combustions of pattems 7-9 are started at late timing. 
Combustions of pattern 7 and 8 have higher conri^istion spe 
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said target crank angle to control an ignKion timing in ignited engines or a starter timing of fuel ignition in diesel 
engines and/or fuel supply amount which Is advanced or increased when the detected combustion rate value Is 
smaller than the target value and/or detected crank angle is behind the target , crank angle and is delayed or 
decreased when the detected conibustion rate value Is greater than the target combustion rate value and/or the 
5 detected crank angle Is In advance of the target crank angle. 

2. Method according to claim 1 , characterized In that the engine condition is one of a high torque, low exhaust emis* 
sion, transient condition, cold stroke engine starting, and pre-ignltion or inflammat'on before ignition, re^ectively, 
due to an increase of the cylinder tenperature, or a combination of saki c(»iditiona 

10 

3. Method according to claim 1 or 2» characterized In that combustion pressures are detected at least at four crank 
angles; a crank angle between the end of an exhaust stroke to an early state of a compression stroke, a crank angle 
between a compression stroke start and an ignition start and two crank angles within the period from the ignition 
start to an exhaust stroke start, and the actual combustion ratio up to the specifled crank angle is calculated from 

75 the detected conribu8tk>n pressure data. 

4. Method according to at least one of the preceding claims 1 to 3, characterized in that initial values of fuel supply 
at least corresponding to engine load are set as data so that lean mixture is formed in a combustion chamber and 
fuel Is supplied. 

20 

5. Method according to at least one of the preceding claims 1 , 3 or 4, characterized by performing the control of a 
fuel supply, an ignitioh timing, a fuel injection start timing or a combustion speed wherein target combustion rates 
are provkied with a tolerance, first ^rget comt>ustlon rates larger than the target corr^stion rates of the map data 
and secorid target combustion rates smaller than target combustion rates of the map data are set. and fuel supply 

25 or the combustion speed is increased or the Ignition timing or fuel injection start timing is advanced when said 
detected combustion rate is smaller than the second target combustion rate or fuel supply or the combustion speed 
is decreased or the ignition timing or fuel injection start timing is delayed when said detected combustion rate is 
larger than the first target combustion rate or the control is not changed when said detected combustion rate lies 
between the first and second target combustion rates: or altemativ^y witii target crank angles ^ch provided with 

90 a tolerance, first target crank angles in advanced po^ons ahead of the target crank angles In the map data and 
second target crank angles in delayed positions behind the target crank angles in the map data are set, and fuel 
supply or the combustion speed is decreased or the ignition timing or ^el injection start timing is advanced when 
said detected crank angle is in an advanced position ahead of the first target crank angle or fuel su{^ly is increased 
when sakI detected crank angle is in a delayed position behind the second target crank angle or fuel supply is not 

35 changed when said detected crank angle lies between said first and secorid target crank angles. 

6. M^hod according to dairn 5, characterized in that the engine condition is of a high torque^ low exhaust emission, 
transient condition, cold stroke engine start, respectively, due to obtaining an optimum combination for said one of 

said conditions. 

40 

7. Method according to at least one of daims 4 to 6. characterized In that at least eHher when engine load is smaller 
than a predet&mined value or when engine speed is lower than a predetermine value eitiier of the fuel simply 
controls is performed. 

45 8. Method according to at least one of the preceding daims 4 to 7, characterized in that at least either when engine 
load is snnaJIerthan a predetemnined value or when engine speed is tower tiian a predetern^ned value, said ignition 
timing control based on ssiid detected oonntxistion rate or detected crank angle, and said fuel supply control are 
performed, and that when engine load or engine speed is not in said conditions, only sEUd ignition timing control 
based on said oombu6tic»i rate Is performed. 

60 

9. Method eccondir^ to at least one of tiie preceding clain^ 4 to 8, characterized In that an lgn?tk>n timing control 
and a fuel supply control are perfomned alternately. 

10. M^hod according to at least one of the preceding dainris 4 to 9, characterized In that a first predetermined 
6S number of ignition consols and a second predetermined nun^er of fuel supply cont^ols are performed alternately. 

1 1 . Method according to claim 1 6, characterized in that said first predetern^ed number is set equal to or Mgher than 
said second predetermined number. 
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20- Method according to claim 1 9, characterized In that the actual crank angle for reaching said predetermined com- 
bustion rate is calculated on the basis of combustion pressure data detected at at least four crank angles including 
the crank angle between the exhaust stroke termination and the compression stroke starting, the crank angle 
between the conpression stroke starting and the ignition, and two aank angles In the period from ignition starting 
5 and exhaust stroke starting. 

21. Method according to at least one of the preceding claims 1 to 20, characterized In that responsive to engine load 
more fuel per combustion cycle Is supplied to the engine^s engine load increaeee, and combustion ratio values at 
prescribed crank angles at which the normal combustiph is attained are retained In a memory a& a map data of ref • 

10 erence combustion ratio values corresponding to load or engine revolution, or at least corresponding to load; on the 
other hand, the actual combustion ratio up to said prescribed crank angle is detected, and when this combustion 
ratio is larger than the reference combustion ratio based on the comparison between the detected value of this 
combustion ratio and the reference combustion ratio value, the fuel supplied to the engine per combustion cycle is 
Increased exceeding the amount of fuel supply corresponding to engine load. 

16 

22. Method according to claim 21. characterized in that when the difference excfeeds the prescribed amount based 
on the comparison between the detected value of this combustion ratio and the reference combustion ratio value, 
the fuel sipplied to the engine per combustion cycle Is increased exceeding the amount of fuel supply con'espond- 
Ing to engine load. 

20 

23. Method according to claim 21 or 22« characterized in that responsh/e to the difference of said detected combus- 
tion ratio and said reference combustion ratio, the fuel per combustion cycle is increased nrK>re as the difference is 
larger. 

25 24. Method according to claim 21 or 22, characterized In that either the stopping of combustion or the stopping of fuel 
supply is executed when the difference of said detected conr^ustion ratio and said reference combustion ratio does 
not decrease or the difference does not decrease below the prescribed amount even by executing the increase in 
said amount of fuel sui:^. 

30 25. Method according to at least one of the preceding claims 21 to 24, diaracterlzed in that responsive to engine load 
morefuei per combustion cycle is supplied to the engine as engine load increases, and crank angles values reach- 
ing the prescribed combustion ratio at which the normal combustion is attained are retained in a memory as a map 
data of reference crank angle values conrespondlng to load or engine revolution, or at least corresponding to load; 
on the other hand, the actual crank angle up to said prescribed comlxistion ratio value is detected, and, when this 

35 crank angle is ahead of the reference crank angle based on the comparison between the detected value of this 
crarik angle and the reference crank angle value, the fuel supplied to the engine per combustion cycle is increased 
exceeding the annount of fuei supply correspond to engine load. . 

26. Method according to at least one of the preceding claims 21 to 24, characterized in that responsive to engine load 
40 more fuel per combustion cycle is supplied to the engine as engine load increases, and cnank angles values reach- 
ing the prescribed combustion ratio at which the normal combustion is attained are rcftained in a memory as a map 
data of reference crank angle values conresponcSng to load or engine revolution, or at least correspmding to load; 
on the other hand, the actual crank angle up to the presaibed combustion ratio value is detected, ar>6 when this 
crank angle is ahead of the reference crank angle exceeding the prescribed angle based on the comparison 
46 between the detected value of this crank angle and the reference crank angel value, the fuel supplied to the engine 
per oombi^on cyde is increased exceeding the amount of fuel supply corresponding to engine \6a6. 

. 27. Method according to claim 25 or 26. characterized In that more fuel per combustion cycle is supplied to the engine 
as said preceding angle is larger. . 

60 

28. Method according to at least one of the preceding claims 25 to 27, characterized in that either the stopping of 
comt>ustion or the stopping of fuel suppiy is executed when the amourrt of preceding angle does not decrease or 
the amount of preceding angle does not decrease below the prescribed amount even by executing the increase in 
said amount of fuel 8iq>ply. 

55 

29. Method according to at least one of tiie preceding claims 21 to 28, characterized In thai the actual combustion 
ratio up to said prescribed crank angle is determined by detecting at least four crank angles, including a crank angle 
between the end of exhaust process and the initial stage of conpression process, a crank angle between the start 
of compressbn process and the start of Ignition, and two crank angles between the start of ignition and the start of 
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